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Overoview

Concerns about the environmental impact of fossil fuel use and
the Nation's continuing dependence on foreign oil are
stimulating the use of alternative-fueled vehicles (AFV’s) and
alternative fuels. Generally, alternative fuels are those other than

gasoline and diesel.

ALTERNATIVE-FUELED VEHICLES IN USE

Overview

Figure 1. Estimated Number of Alternative-Fueled Vehicles in Use in
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Source: Table 1, p. 11.
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|
More than 333,000 AFV'’s
were inusein 1995,a 6

percent increase since 1993.

[

The number of AFV’s in use
in the United States is
expected to increase at an
average annual rate of 7.6
percent between 1995 and
1997.

Growth in AFV’s and alternative iransportation fuels is primarily the result of —

1.

The Energy Policy Act of 1992 (EPACT) and Presidential Executive Order 12844
requiring minimum AFV purchases for Federal government vehicle fleets beginning in

1993.

EPACT mandates for the acquisition of AFV's by State and local government fleets and
some private fleets scheduled to take effect over the next few years.

Energy Information Administration/ Alternatives to Traditional Transportation Fueld 1985 1




Overview

ALTERNATIVE-FUELED VEHICLES IN USE

[ | Figure 2. Estimated Number of LPG-Fueled and Non LPG Fueled
More than three-fourths of Vehicles in Use in the United States, 1992—-1997
the AFV’s in use in 1995 were 300 -
vehicles designed to operate
on liquefied petroleum gas 250 -
(LPG), primarily propane. Le
n 200 1

i 8
LPG fueled vehicles will &

@ 150
continue to dominate AFV’s '.g
for some time, even though 100 -
-
their share of the total is
. 50 - Non-
expected to decline from 88 LPG
percent in 1992 to 71 percent 0
in 1997. 19892 1993 1994 1995 1996 1997
Note: Declines during 1994 and 1995 in LPG vehicles may be the result of differences
in data sources used to develop estimates for those years.
Source: Table 1, p. 11.

Figure 3. Share of Estimated Number of Alternative-Fueled Vehicles in
Use in the United States, by Non LPG Fuel, 1992-1997

Electricity

Percent

1992 1994 1995 1996 1997

Source: Table 1, p. 11.

||

Among all AFV’s not fueled
with LPG, alcohol vehicles
(methanol and ethanol)
increased from 18 percent in
1992 to more than 27 percent
in 1995. Growth through
1997 will largely come from
ethanol.

|

Natural gas fueled vehicles
continue to represent more
than two-thirds of the non-
LPG AFV’'s in use,

||

The share of electric vehicles
continues to decline,
representing less than 4
percent of non-LPG vehicles

in use in 1995.

Energy Information Administration/ Alternatives to Traditional Transportation Fuels 1995




ALTERNATIVE-FUELED VEHICLES IN USE

Overview

Figure 4. Estimated Number of Alternative-Fueled Vehicles in Use,by
Census Region, 1995 .

Wast .
. %n.us s M:g}"l‘:g“
of matiomal total s
2%t ol Northeast
31289 s

11% of national tetad
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1S 414 s

35% of aatiscal total

National Total = 333,049

Source Table 2, p. 14.

||

The South, with 35 percent of
all AFV’s in 1995, continues
to lead the other regions.

||

Between 1995 and 1997, the
number of AFV’s is expected
to grow most rapidly in the
West, where AFV’s are
anticipated to increase by 20
percent, compared to
nationwide growth of 16
percent. The South is
expected to experience the
slowest growth (13 percent).

Figure 5. States Having the Largest Number of AFV’s in Use, 1995

1896 Five-State Total = 149,923
1996 National Total = 384,952

Over 10,000 vehicles

Source: Table 3, p. 16.

|

In 1995, 9 States had more
than 10,000 AFV’s in use.

|

One fourth of the AFV’s in
use are located in California
(51,745) and Texas (32,307).
They continue to lead all
other States by a wide
margin in the number of
AFV’s in use.

|

By 1997, Georgia and Florida
are also expected to exceed
10,000 AFV's.

Energy Information Administration/ Alternatives to Traditional Transportation Fuels 1995 3




9 s P ALTERNATIVE-FUELED VEHICLES IN USE

n | Figure 6. Estimated Number of Alternative-Fueled Vehicles in
The majority of AFV’s in use are nge by Ownership Classification, 1993, 1995, and
privately owned. ' 997
|
Ownership of AFV’s by the Federal 800
government has increased more ]
rapidly than State and local 250 7 Private
government ownership, which has 200
increased more rapidly than private ®
©
ownership. & 150 -
g
l._
100 State
& Local
50 -
Federal
0 \
1993 1995 1997

Source: Tables 4-6, pp. 17-18.

Growth in AFV's and replacement fuels is also the result of —

3. Voluntary AFV programs encouraged by EPACT, such as the DOE Clean Cities
program.

4. Clean Air Act Amendments of 1990 (CAAA90), requiring the addition of oxygenates
(e.g., ethanol) to gasoline during winter months in specified metropolitan areas,
beginning in 1992, to reduce carbon monoxide emissions.

5. CAAA9D requirements for using reformulated gasoline in designated areas, beginning in
1995, to reduce smog.

6. The 1988 Alternative Motor Fuels Act, directing Federal agencies to administer
programs that encourage the development of alternative fuels and the production of
alternative-fueled vehicles.

4 Energy Information Administration/ Alternatives to Traditional Transportation Fuels 1995




ALTERNATIVE-FUELED VEHICLE CONSUMPTION O 5 5

Figure 7. Estimated Consumption of Alternative Fuels and n
Oxygenates in the United States, 1992-1997 Whereas traditional fuels are
. expected to increase 19 percent
[CJ0xygenates MAltemative Fuels | from 1992 to 1997, alternative
fuels and oxygenates will rise far
4 - faster—84 percent over the
I period.

3 1 I ' "

Increasing use of oxygenates
represents the largest part of this
increase, with a growth of 91.5
o percent from 1992 to 1995.
SE ] : u

Alternative fuel use increased

Billion Gasoline Equivalent Gallons

more than 21 percent during the

T [} I - 1 - 1 - 1 . o .
1992 1993 1994 1985 1996 1997 same period while representing
little more than 10 percent of the

total gasoline-equivalent gallons

used.
Source: Table 7, p. 20.

Figure 8. Share of Estimated Consumption of Alternative Fuels in |
the United States, by Census Region, 1995, 1996, and Alternative fuel consumption
1997 . .
patterns by region vary slightly

from the number of vehicles in

[{CINortheast ESouth CMidwest BEWest}

40 - use, with the South leading in
fuel consumed, followed by the
Midwest and West.

30 -
The estimated share of alternative

20 fuel consumed is expected to
change slightly by 1997, with the
South representing slightly less

107 consumption and the West
slightly more than current

0 proportions.

1995 1996 1997

Source: Table 8, p. 21.
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Overoview

. .
The percentage of alternative fuel
consumed by light duty vehicles

increased from 60 to 63 percent from

1993 to 1995 but is expected to
decline to an estimated 61 percent
by 1997.

n

Light duty'vehicles are those
weighing less than 8,500 pounds,
usually passenger cars, vans, and
small pick up trucks.

-

The increase in non-LPG alternate
transportation fuel composition is
led by a 300 percent increase in
compressed natural gas use
anticipated between 1993 and 1997.

ALTERNATIVE-FUELED VEHICLE CONSUMPTION

Figure 9. Share of Estimated Consumption of Alternative Fuels
in the United States, by Weight Class, 1993, 1995,
and 1997

801 | Light buty Il Heavy Duty|

Non-LPG

60 -

LPG

a0 Non-LPG i .

Percent

—
1993

Source: Table 10, p. 23.
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ALTERNATIVE-FUELED VEHICLES MADE AVAILABLE . '

Chapter Four presents the number and type of alternative-fueled vehicles made available in the United
States in 1995 and planned to be made available in 1996.

In 1995, EIA initiated a survey of AFV suppliers. Data show that for 1995 and 1996
combined, these suppliers made available (and expect to make available) some—

¥ 45,000 onroad AFV's
M 126,000 nonroad AFV’s, such as agricultural and construction vehicles and forklifts.

Figure 10. Number of Onroad Alternative-Fueled Vehicles Made n
Available in 1995 and Planned to Made Available in 1996, | The number of onroad AFV’s

by Fuel Type made available is expected to

increase by nearly 53 percent
from 1995 to 1996.

mLPG MNatural Gas ||
14 - [EAlcohols CIElectricity & Other 13.482

16

The largest number of
onroad AFV’s expected to be
made available will be fueled

by natural gas, rising more

12 -
10 - 9.568

than 40 percent.
|
4.669 Electric onroad AFV’s are

expected to show both the
largest absolute and

0551 percentage increase in
vehicles made available,
growing 767 percent from

1995 to 1996.

1995 1996

Notes: Some data withheld to avoid disclosure of individual company data. Natural gas
includes compressed natural gas and liquefied natural gas.
Source: Tables 11 and 13, p. 26 and 28, respectively.
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|
The relative percentage of
Onroad AFV’s, by vehicle
type, is expected to change

" only slightly from 1995 to
1996.
[ |
Automobiles and Other
Onroad Vehicles are expected
to have the largest increase in
vehicles made available,
increasing 160 and 155
percent, respectively, from
1995 to 1996.

-
All other categories of Onroad
AFV’s are expected to show
small increases in vehicles
made available from 1995 to
1996 except Passenger Vans,
which are expected to decline
slightly.

ALTERNATIVE-FUELED VEHICLES MADE AVAILABLE

Figure 11. Percentage Share of Onroad Alternative-Fueled Vehicles
Made Available in 1995 and Planned to be Made Available
in 1996, by Vehicle Category

100
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\ég,\éo »996’\&6 \9&\9&

Automobile Passenger Cargo Van/
Van Pickup

P o
&

Other
Truck

S

Other Onroad
Vehicle
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Source: Tables 11 and 13, p. 26 and 28, respactively.

|

The percentage of dedicated
(single fueled) AFV’s is
expected to increase by about
9 percent from 1995 to 1996.

|

The share of dedicated
Automobile, Passenger Van,
Cargo Van/Pickup, and Other
Onroad AFV'’s is expected to
increase markedly from 1995
to 1996. A slight decline in the
number of dedicated AFV’s is
expected in the Other Truck
and Buses categories.

Figure 12. Number of Onroad Alternative-Fueled Vehicles Made

Thousands

Available in 1995 and Planned to be Made Available in
1996, by Vehicle Category

[mDedicated mENondedicated |

i

» © e
E F& O
Automobile Passenger Cargo Van/
Van Pickup

&

Other Onroad
Vehicle

&

Buses

R

Other
Truck

Source: Tables 11 and 13, p. 26 and 28, respectively.
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1. Introduction

This report provides information on transportation fuels
other than gasoline and diesel, and the vehicles that use
these fuels. The Energy Information Administration (EIA)
provides this information to support the U.S. Department
of Energy’s reporting obligations under Section 503 of the
Energy Policy Act of 1992 (EPACT). The principal
Information contained in this report includes historical
and year-ahead estimates of the following:

e Thenumber and type of alternative-fueled vehicles
(AFV’s)! in use (Chapter 2)

® The consumption of alternative transportation fuels
and “replacement fuels”? (Chapter 3)

. ® Thenumber and type of alternative-fueled vehicles
made available in the current and following years
(Chapter 4).

In addition, the report contains some material on special
topics (Chapter 5). The appendices include a discussion of
the methodology used to develop the estimates (Appendix
A), a map defining geographic regions used (Appendix
B), and a list of AFV suppliers (Appendix C).

The alternative transportation fuels (ATF’s) considered in
this report are compressed natural gas (CNG), liquefied
natural gas (LNG), liquefied petroleum gas (LPG, i.e.
propane), methanol, ethanol, electricity, and biodiesel.?
Vehicles consuming these fuels may either be “new”
APV’s or existing vehicles with converted fueling systems.

Congress enacted EPACT with the objectives of lessening
U.S. dependence on foreign petroleum and promoting
energy efficiency. At the same time, EPACT requires that
efforts to attain these objectives incorporate assessments
of their consequences in regard to greenhouse gas
production. Many have regarded the use of ATF’'s as a
way to lessen dependency on foreign oil while simul-
taneously reducing greenhouse gas emissions. EIA re-
cently released a report comparing greenhouse gas
emissions from gasoline and ATF's.*

EIA produced its first report on AFV’s and ATF’s in 1994.°
It contains extensive background material on ATF and
AFV characteristics, legislation, and industry-related
information, and provides some early estimates of AFV
inventories and ATF consumption. Subsequently in 1995,
EIA produced its first annual data report,® with data for
1992-1995. A similar report followed in 1996.” Thus, this
report is EIA’s third annual report on alternative
transportation fuels.

EIA derives its information from a wide variety of sources.
EIA conducts a survey?® to determine the number and type
of AFV’s made available in the current year and expected
to be made available in the following year. Industry
information and EIA data are used to estimate the AFV
population and ATF consumption. Finally, the U.S.
Department of Energy, Office of Energy Efficiency and
Renewable Energy, provides EIA with information, both
to develop estimates and to report on AFV/ATF progress.

! Alternative-fueled vehicle is defined as a vehicle either designed and manufactured by an original equipment manufacturer or a
converted vehicle designed to operate in either dual-fuel, flexible-fuel, bi-fuel, or dedicated modes on fuels other than gasoline or diesel. This
does not include a conventional vehicle that is limited to operation on blended or reformulated gasoline.

2 Section 301 of EPACT defines alternative fuels as: methanol, denatured ethanol, and other alcohols; mixtures containing 85 percent or
more (or such other percentage, but not less than 70 percent, as determined by the Secretary of Energy, by rule, to provide for requirements
relating to cold start, safety, or vehicle functions) by volume of methanol, denatured ethanol, and other alcohols with gasoline or other fuels;
natural gas; liquefied petroleum gas; hydrogen; coal-derived liquid fuels; fuels (other than alcohol) derived from biological materials; electricity
(including electricity from solar energy); and any other fuel the Secretary determines, by rule, is substantially not petroleum and would yield
substantial energy security benefits and substantial environmental benefits. EPACT defines replacement fuels as the portion of any motor fuel
that is methano), ethanol, or other alcohols, natural gas, liquefied petroleum gas, hydrogen, coal-derived liquid fuels, fuels (other than alcohol)
derived from biological materials, electricity (including electricity from solar energy), ethers, or any other fuel the Secretary of Energy
determines, by rule, is substantially not petroleum and would yield substantial energy security benefits and substantial environmental benefits.

® Data for biodiesel are not included in this report. However, a discussion is presented in Chapter 5.

4 Energy Information Administration, Alfernatives to Traditional Transportation Fuels 1994, Volume 2, Greenhouse Gas Emissions, DOE/EIA-
0585/2(94)/2 (Washington, DC, August 1996).

5 Energy Information Administration, Alternatives to Traditional Transportation Fuels: An Overview, DOE/EIA-0585(0) (Washington, DC,
June 1994),

6 Energy Information Administration, Alternatives to Traditional Transportation Fuels 1993, DOE/EIA-0585(93) (Washington, DC, January
1995),

7 Energy Information Administration, Alternatives to Traditional Transportation Fuels 1994, Volume 1, DOE/EIA-0585/1(94) (Washington,
DC, February 1996).

® Energy Information Administration, Form EIA-886, “Alternative Fuel Vehicle Suppliers’ Annual Report.”
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2. Alternative-Fueled Vehicles In Use

Alternative-Fueled Vehicle Inventory

The number of alternative-fueled vehicles (AFV’s) in use
is expected to increase at an average annual rate of 7.6
percent between 1995 and 1997, compared to an average
annual rate of 9.8 percent from 1992 to 1995. Revised
estimates of the number of AFV’s in use at the end of 1995
are lower than reported a year ago (Table 1). Slower than
expected growth in liquefied petroleum gas (LPG) and
compressed natural gas (CNG) vehicles is the major
reason for the lower estimates.

Liquefied Petroleum Gas (LPG) Vehicles

LPG vehicles continue to dominate AFV’s, but they are
growing at a slower rate than most other types of AFV’s.
As a result, the share of AFV’s attributable to LPG vehicles
is declining (from 88 percent in 1992 to an expected level

of 71 percent in 1997). Although the number of LPG
vehicles in use is expected to increase at about the same
rate as that of conventional vehicles from 1995 to 1997, the
actual number of LPG vehicles cannot be determined
precisely. The estimates in this report are considered
minimum estimates. Some evidence suggests the actual
count could be as high as 300,000 to 350,000.

LPG vehicle estimates were derived from State-level data.
Reasonably accurate government or private sources of
data on the number of onroad LPG vehicles exist for only
about one-third of the States. Estimates for the remaining
States were imputed based on LPG usage data from the
Energy Information Administration’s State Energy Data
Report(see Appendix A). The estimates in this report are

subject to known data limitations, such as inconsistencies

Table 1. Estimated Number of Alternative-Fueled Vehicles in Use in the United States, by Fuel, 1992-1997

Average

Annual

Growth
Rate

Fuel 1992 1993 1994 1995 1996 1997 {percent)
Liquefled Petroleum Gases (LPG)® ... 221,000 269,000 264,000 R259,000 R266,000 273,000 43
Compressed Natural Gas (CNG) ..... 23,191 32,714 41,227 R50,218 R62,805 81,747 287
Liquefied Natural Gas (LNG) ........ 90 299 R484 R603 R715 955 60.4
Methanol, 85 Percent® (M85) ........ 4,850 10,263 15,484 R18,319 R19,636 19,787 325
Methanol, Neat (M100} ............. 404 414 415 R386 R155 130 -20.3
Ethanol, 85 Percent® (E85) ......... 172 441 605 R1,527 R3,575 5,859 102.5
Ethanol, 95 Percent® (E95) ......... 38 27 33 R136 R341 341 55.1
Electricity ...ovvvvvnnerriiiinnn. R1,607 R1,690 R2,224 R2,860 R3,306 3,925 19.6
Non-LPG Subtotal ............... R30,352 R45,848 R60,472 R74,049 R90,533 112,744 30.0
Total suververonnsssncessnsnnnnes R251,352 R314,848 R324,472 R333,049 R356,533 385,744 8.9

®Values represent lowsr bound estimates and are rounded to thousands. Accordingly, these estimates are not equal to the sum of Federal flest data
(for which exact counts are avallable) and non-Federal flest estimates (rounded to thousands).
e remaining portion of 85-percent methanol and both ethanol fuels is gasoline.

R = Revised.

Note: Estimates for historical years are in roman typs; estimates for 1997, based on plans or projections, are in italic.
Sources: Federal: U.S. Department of Energy, Office of Energy Efficiency and Renswable Energy. Non-Federal: Sclence Applications intemational
Corporation, “Altemative Transportation Fuels and Vehicles Data Development,” unpublished final report prepared for the Energy Information

Administration (McLean, VA, July 1996).
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between LPG tank sales and decal sales’ and the
widespread acknowledgment of underreporting or
misreporting of vehicles and fuel. These limitations imply
that the values in this report should be considered
estimated minimum values.

Revised estimates of LPG vehicles in use at the end of
1995 are lower than previously reported (259,000 com-
pared to 272,000 reported a year ago). Revised 1995
estimates are also lower than those for 1994. These
changes, however, do not necessarily indicate a decline in
the LPG vehicle population but could indicate an
improvement in the accuracy of the estimation (1994
estimates of total LPG vehicles have not been revised for
this report).

Compressed Natural Gas (CNG) Vehicles

While the share of LPG vehicles is expected to decline, the
share of vehicles designed to operate on CNG is expected
to grow, from 9 percent of all AFV’s in 1992 to 21 percent
in 1997. The number of CNG-fueled vehicles in use is
expected to increase by more than 60 percent from 1995 to
1997. The estimated number of CNG vehicles in use at
the end of 1995, however, has been revised downward
from about 66,000 in last year’s report to about 50,000 in
this report. A smaller number of light-duty, private
vehicles, which comprise almost half of CNG vehicles,
accounted for most of the revision.

Growth in the use of CNG vehicles does not appear to be
uniform across the natural gas industry. Most of the
growth appears to be occurring at utilities that service the
largest fleets (both utility and nonutility). This variability
within the industry has increased dramatically over the
past year due to a number of factors, including changes in
regulatory policy in California, the lack of scale economies
in some CNG vehicle programs, and EPACT compliance
issues.

In November 1995, the California Public Utilities
Commission ordered the State’s utilities to stop using
ratepayer funds for engine development work, vehicle or
station incentives, marketing, and similar programs.
Funding is allowed only for safety, education, infor-
mation, and related functions. The response was varied.
At least one major California utility drastically curtailed
its CNG vehicle program. Another refocused its program
toward large, high-fuel-usage vehicles.

Independent of the California ruling, numerous utilities
with small or mid-sized CNG vehicle operations have

indicated dissatisfaction with the absence of scale
economies in their CNG vehicle programs. Many of these
utilities are trimming their programs. Considerable
enthusiasm still exists for CNG at many of the utilities
with the largest fleets; the previously widespread and
rapid growth appears to be narrowing to them.

Another important and continuing trend is a shift toward
vehicles in heavier weight classes. The proportion of CNG
vehicles in use that are heavy-duty vehicles increased
from 10 percent in 1992 to 14 percent in 1995. This level
is expected to remain stable through 1997. This change is
significant for both vehicles and fuel use.

Liquefied Natural Gas (LNG) Vehicles

The number of vehicles designed to operate on LNG,
although relatively small, continues to grow steadily as
more fleet managers conduct trials of the fuel. From 1995
t0 1997, growth is expected to be particularly strong in the
western United States. Transit buses and heavy-duty
trucks remain the primary users of LNG, but the number
of light-duty LNG vehicles is higher than previously
estimated. Further investigation identified several light-
duty LNG vehicles that were not included in last year’s
report. Because some of the newly identified vehicles
were actually operating in 1994, estimates of the number-
of LNG vehicles in 1994 have been revised.

Estimates for 1997 are based largely on orders already
placed and expressed intentions to adopt LNG; however,
some uncertainty remains about the accuracy of these
estimates. The number of vehicles expected to be
deployed depends significantly on the success of a few
large transit organizations in operating and adopting
LNG buses, and on the success of trucking organizations
in utilizing LNG in their fuel mix. Future growth also
depends on several other factors, including increased fuel
system reliability, resolution of outstanding safety and
maintenance issues, development of an ING infra-
structure, and the availability of government subsidies for
bus purchases and test programs.

Methanol (M85 and M100) Vehicles

By 1997, methanol vehicles are expected to comprise 5
percent of all AFV’s, an increase from 2 percent in 1992.
The number of M85 vehicles, which almost quadrupled
from 1992 to 1995, is expected to increase at a much
slower pace from 1995 to 1997. Growth is expected to

® Insome States, the purchase of fuel use decals for LPG or other alternative-fueled vehicles is an alternative to paying fuel taxes at the
pump. In States with decal programs, some require decals while others make it optional.
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occur primarily in California, where most of the United
States’ methanol vehicles are operated. The use of M85-
fueled vehicles in California may peak in the next few
years because methanol costs, emissions savings, and bus
reliability have become major concerns. Competition for
methanol by methyl tertiary butyl ether (MTBE) suppliers
has been a particular problem in California. Growth in
M85-fueled vehicles has resulted almost exclusively from
Federal, State, and local government expansion or from
incentives to the private sector in California. Some
uncertainty surrounds the estimates for 1997, which are
largely based on California Energy Commission plans that
are contingent upon original equipment manufacturers’
(OEM) vehicle production and customer purchases.

Although M85 vehicles are expected to continue
increasing, the number of vehicles designed to operate on
M100 (neat methanol) is expected to decline substantially.
No new M100-fueled buses have been ordered since 1993,
and the Los Angeles County Metropolitan Transit
Authority (LACMTA), the largest operator of M100-
fueled buses, has decided to end its M100 program.
LACMTA reported numerous problems with the bus
engines and significantly high failure rates. Other
concerns were fuel economy and fuel price. LACMTA is
reconfiguring its M100 buses into E95 buses and has
reoriented its purchases toward CNG buses (for 1997 and
beyond). On the other hand, in 1995, a number of school
buses in California were reconfigured from M85 to M100
buses, After 1996, most of the M100 vehicles in the United
States will be school buses.

Ethanol (E85 and E95) Vehicles

Rapid increases in the number of E85 and E95 vehicles are
expected to occur between 1995 and 1997, raising the
share of ethanol vehicles from about .5 percent in 1995 to
1.6 percent of all AFV’s in 1997. The increases are largely
due to State government programs in the Midwest and the
South, Pederal vehicle orders, and the interest of corn
growers.

In May 1995, General Motors (GM) announced that,
starting in model year 1997, all of its Chevrolet 5-10 and
GMC Sonoma pickup trucks would be flexible-fueled
vehicles capable of operating on E85 and/or gasoline.
According to recent information from GM, the intro-
duction of these vehicles has been delayed until model
year 1999. Therefore, no estimates for these pickup trucks
are included in this report.

The estimated number of E95 vehicles in use increased
substantially in 1995 and 1996. The increases, however,
are virtually all due to the M100 buses that were recon-

figured for E95 by LACTMA. The private market for E95-
fueled vehicles is almost nonexistent. The market for
dedicated ethanol-fueled vehicles suffers from the same
limitations as those of M100-fueled vehicles, and unlike
E85-fueled vehicles, no OEM is planning to manufacture
them in large numbers.

Electric Vehicles

From 1995 to 1997, the number of electric vehicles is
expected to increase modestly in all weight classes, in all
regions, and in all ownership categories. Growth is
primarily driven by State government mandates and
regulations; private owner purchases; and conversions in
California, Arizona, and Colorado. Electric vehicle counts
are subject to some degree of uncertainty, which is caused
by differences in the definition of an onroad electric
vehicle, by the relatively large percentage of electric
vehicles that do not operate like conventional vehicles,
and, for light-duty vehicles only, by possible incentives for
vehicle associations to inflate estimates. Some of this
uncertainty has been reduced by slightly restricting the
definition of electric vehicles (e.g., large golf carts have
been excluded). These definitional changes resulted in
small revisions to previously reported data for 1992 to
1994,

Much research and development still occurs in antici-
pation of State government mandates for zero-emission
vehicles (ZEV’s). However, these mandates were eased
somewhat in 1996, when the California Air Resources
Board decided to delay the start of its ZEV mandates from
model year 1998 to model year 2003.

Regional Distribution of AFV’s

The largest number of AFV’s are located in the South,
followed by the West, the Midwest, and the Northeast
(Table 2). (Census regions are defined in Appendix B.)
The predominance of AFV’s in the South and the West is
primarily due to the large number of States in those
regions and to high concentrations of AFV’s in California
and Texas.

Between 1995 and 1997, the number of AFV'’s is expected
to grow most rapidly in the West, where AFV’s are
anticipated to increase by 20 percent, compared to
nationwide growth of 16 percent. The South is expected
to experience the slowest growth (13 percent). Ethanol
vehicles continue to be located mainly in the Midwest,
where ethanol production is concentrated and infra-
structure development efforts are under way. Methanol
and electric vehicles are found predominantly in the West,
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particularly in California. CNG and LPG vehicles are
more evenly distributed across the regions.

Estimates of AFV’s in use in each of the 50 States are
presented in the 1995 report for the first time (Table 3).
California, Texas, Illinois, Ohio, and Michigan continue to
be the five states with the largest numbers of AFV’s. In
1995, these States account for about 40 percent of the
AFV’s in the United States. In addition to the top five
States, four others are estimated to have more than 10,000
AFV’s in use in 1995: New York, Oklahoma, Pennsyl-
vania, and Wisconsin. By 1997, Georgia and Florida are
also expected to exceed the 10,000 figure.

Alternative-Fueled
Vehicles Ownership

As in previous years, the majority of AFV’s in use
(roughly 70 percent in 1995 and 1997) are privately
owned. The predominance of privately owned vehicles
is primarily due to the large number of privately owned
LPG vehicles (Table 4). The proportion of CNG and
methanol vehicles that were privately owned in 1995 was
54 percent and 28 percent, respectively. Eighty percent of
the LPG vehicles in use in 1995 were privately owned.

Revised 1995 and 1996 estimates for LPG vehicles indicate
a lower percentage of private ownership and a higher
percentage of State and local ownership than was
reported last year. The differing percentages are believed
to result from improved data sources that better identify
ownership, rather than from any switching of vehicles
between categories. Therefore, the ownership classifica-
tions of LPG vehicles estimated to be in use prior to 1995
have been changed to reflect the new information.

Private ownership of non-LPG AFV’s has increased since
1992, but not as rapidly as public ownership. Thus, the
proportion of non-LPG AFV’s owned by the private sector
has declined from 66 percent in 1992 to an expected 43
percent in 1997,

. Ownership of AFV’s by State and local governments has
increased more rapidly than private ownership, but more
slowly than Federal ownership (Table 5). State govern-

ments become subject to AFV mandates in model year
1997, as specified in the Federal rulemaking for State and
fuel provider fleets. (See Chapter 5 for an explanation of
the final rulemaking.)

Despite cutbacks in funding, the Federal fleet of AFV's
continues to grow, and the fuel mix is diversifying. In
1993, CNG and methanol vehicles comprised 98 percent
of the Federal AFV fleet. In 1997, vehicles designed for
these two fuels are expected to account for 87 percent of
the fleet, with ethanol and electric vehicles accounting for
mostof the remainder (Table 6). The majority of Federal
AFV’s are in the fleets of the General Services Admin-
istration (GSA) (which leases vehicles to other agencies
through the Interagency Fleet Management System), the
U.S. Postal Service, and the U.S. Department of Defense.
In 1996, GSA began retiring a number of its older alcohol
vehicles. Many of these vehicles were sold to the non-
Federal sector. Estimates for 1997 are based on the
number of vehicle acquisitions needed to meet Energy
Policy Act of 1992 (EPACT) mandates. However, much
uncertainty exists about actual vehicle acquisitions. While
U.S. Department of Energy (DOE) funding of the
incremental cost of purchasing AFV’s is almost certain to
be unavailable, a proposed executive order, if enacted,
would require agencies to continue to meet EPACT goals.

Alternative-Fueled Vehicles
by Weight Class

From 1995 to 1997, the number of light-duty AFV’s in use
is expected to increase at about the same rate as the
number of heavy-duty AFV'’s; therefore, light-duty AFV’s
will remain at 82 percent of total AFV’s during the period.
This percentage increased slightly from 1992 to 1995
(light-duty vehicles averaged about 80 percent of all
AFV’s in 1992). Within certain fuel types, particularly
CNG and electric vehicles, significant shifts have occur-
red. In 1992, 90 percent of CNG vehicles and 99 percent
of electric vehicles were light-duty vehicles. By 1997, 86
percent of CNG vehicles and 95 percent of electric vehicles
are expected to be light-duty vehicles. Shifts toward
heavier duty vehicles can have a significant impact on
alternative fuel usage because those vehicles tend to
consume much higher quantities of fuel.
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Table 3. Estimated Number of Alternative-Fueled Vehicles In Use, by State, 1995-1997

1995 1996 1997
Alabama.....c.covieiiiineinenrnrnennsonnns . 3,355 3,604 3,985
F Y =T < 170 197 462
Y (7o} 4 T- A 4,963 5,917 7,000
ArKANSAS ... .vvivnenireernenecnrnannanaans 1,663 1,754 1,852
California .......ccviiiiiiiniiiieinnnnan. 51,745 57,396 63,413
(0701 (o] - o Lo TN 5,783 6,376 6,768
Connecticut .......coiiiiniiirernrenennnann 2,044 2,254 2,787
Delaware .....oiiiiiiiiii ittt 327 352 432
Districtof Columbia ........cciveveeneaa... 1,027 1,096 1,243
Florida ....ccvivriiiiiiiiiiiernnnnnnncann 9,716 10,380 10,630
[CT=To) o - RN 9,260 10,036 11,047
Hawalli .. .oiviiiiniiiii ittt iiirennnnnas 469 514 518
[ F=1 3 Vo O U 1,686 1,775 1,812
111 o} - 17,125 18,050 19,113
[T 1= 1 £ - U O 8,214 8,775 9,421
oW Lttt i i ittt te et e 5,145 5,535 5,842
KanSaS + ot vt iitiiieiiiaeeeenracnnenrnanas 4,455 4,611 4,780
Kentucky ....ocvviiiiiiniiinrieinenninnns 3,739 3,990 4,125
Louisiana ...coiiiiiiiiii it it i e 4,411 4,629 5,692
;= 112 648 666 680
Maryland ..ottt iiiiiiiiannns 3,973 4,228 4,442
Massachusetts ........ciiiiiiiinnennnnne. 3,625 3,785 - 3,964
Michigan......coooviiiiiiiiiiiieiiinennnns 15,192 15,828 17,049
Minnesota .....coiiiiiiiiiiiiii i 2,274 2,580 2,926
AV TGS 1513 o) o) AU 6,303 6,465 6,622
MISSOUM ..oit ittt ittt irernrrnnananas 3,842 4,375 4,950
Montana ....coiiiiiiii it ittt irennaaans 1,461 1,539 1,777
Nebraska .....cocvieiiiieniinineenenenanes 2,675 2,851 3,201
Nevada.......ooovvvveenn.. et 2,220 2,546 2,814
NewHampshire .......ccoiieiiiiiiiaan.. 353 365 385
New Jersey .....coiiiiineinrincencnnnonnss 5,117 5,842 6,424
NewMeXiCo ....ocviiiirnrnenrencnnnnannns 3,966 4,268 4,549
NeWYOrK ¢ ovvenninnnnnenrnencncnncanaanans 12,982 13,684 14,682
NorthCarolina ..........cociiiiiiinnnann... 8,268 8,498 8,824
NorthDakota ....covviviiiiiiiiiiiiienann, 1,168 1,268 1,216
10111« T e 16,825 17,847 20,514
Oklahoma .......c.cciiiiiiriiiiennnaneans ' 12,063 12,615 13,272
(6= Te (o7 o 1RGP 6,711 6,958 7,148
Pennsylvania ..........coiiiiiiiinininnnnns 12,585 12,756 13,420
Rhodelsland .......ccoivviviiiineininann.. 632 668 977
SouthCarolina........ccoveieeiirinnnnnnn. 4,152 4,260 4,431
SouthDakota......cociieiiiiiiiiennrenennn 1,194 1,256 1,393
TenNessee ...ttt ittt ca e 7,328 7,558 7,845
=) U= P 32,307 34,465 36,009
L0 ] - 1 AP 3,383 3,815 4,463
Vermont ....oviiriiiii it it et 303 310 325
Rt {0121 - T P 6,390 6,987 8,483
Washington ........ciiiiiiiiiiiiinnnnnn.. 6,712 7,000 6,906
WestVirginia .......ccoviviiiiiiieiinnann. 1,332 1,575 1,816
WISCONSIN . ovitiriniiireinreraansnacaanns 10,622 11,255 12,058
WYOMING v.iveiiiniivnnnvnrornencnnennnnnn 1,146 1,179 1,257
US.Total c.ovvvevecennsssrcscnssssnsnnses 333,049 356,533 385,744

Note: Estimates for historical years are in roman type; estimates fcr 1997, based on plans or projections, are in italic.
Source: Energy Information Administration, Office of Coal, Nuclear, Electric, and Altemnate Fuels.
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Table 4. Estimated Number of Alternative-Fueled Vehicles in Use by U.S. Private Entities, by Fuel and
Weight Category, 1993, 1995, and 1997

1993 1995 1997
Light Heavy Light Heavy Light Heavy
Fuel Duty Duty Total Duty Duty Total Duty Duty Total

Liquefled Petroleum Gases (LPG)® R173000 R43000 R216,000 R166,000 R41,000 R207,000 174000 44,000 218,000

Compressed Natural Gas (CNG) 16932 1,719 18,651 R22,950 R3981 R26,931 30950 6,001 36,951
Liquefied Natural Gas (LNG) ... 2 3 5 R49 R34 R83 48 61 109
Methanol, 85 Percent” (M8S5) . . . 2,737 0 2,737 R5,198 0 R5198 7,766 0 7,766
Methanol, Neat (M100) ....... 0 2 2 0 RO RO o 0 0
Ethanol, 85 Percent® (E85) . ... 52 0 52 54 0 54 109 0 109
Ethanol, 95 Percent® (E95) .... 4 4 8 R1 R1 R2 1 1 2
Electricity ......ooovunnn... 1,657 0 1,657  R2,400 R26  R2426 2,966 28 2,994

Non-LPG Subtotal .......... 21,384 1,728 23,112 R30,652 R4,042 R34,694 41,840 6,091 47,931
Total ...... Cerrerreieaaeas R194,384* R44,728 R239,112 R196,652 R45042 R241,604 215840 50,091 265,931

®Values represent lower bound estimates and are rounded to thousands.

e remaining portion of 85-percent methanol and both ethanol fuels is gasoline.

R = Revised.

Note: ® Weight classes are based on Environmental Protection Agency definitions: light duty is less than or equal to 8,500 pounds gross vehicle weight;
heavy duty is greater than 8,500 pounds gross vehicle weight. ® Estimates for historical years are in roman type; estimates for 1997, based on plans or
projections, are In italic.

Sources: Science Applications Intemational Corporation, “Altemative Transportation Fuels and Vehicles Data Development,” unpublished final report
prepared for the Energy Information Administration (McLean, VA, July 1996).

Table 5. Estimated Number of Alternative-Fueled Vehicles in Use by State and Local Governments,
by Fuel and Weight Category, 1993, 1995, and 1997

1993 1995 1997
Light Heavy Light Heavy Light Heavy
Fuel Duty Duty Total Duty Duty Total Duty Duty Total

Liquefied Petroleum Gases (LPG)® .. R43,000 R10,000 R53,000 R42,000 R10,000 R52,000 44,000 11,000 55,000

Compressed Natural Gas (CNG) . ... 8,692 2,281 10,973 R10,670 R3,185 R13,855 17,134 5384 22,518
Liquefied Natural Gas (LNG) ....... 29 265 294 R47 R426 R473 49 727 776
Methano!, 85 Percent® (M85) ........ 1,900 108 2,008 R3,569 RO  R3,569 5427 0 5,427
Methanol, Neat (M100) ........... 0 412 412 0 R386 R386 1 129 130
Ethanol, 85 Percent’ (E85) ........ 273 2 275 R1,084 RO  R1,084 2,164 o 2,164
Ethanol, 95 Percent® (ES5) ........ 1 18 19 RO R134 R134 0 339 339
Electriclty ............cooiin... R14 19 R33 R160 R83 R243 257 155 412

Non-LPG Subtotal .............. R10,909 3,105 R14,014 R15530 R4,214 R19,744 25032 6,734 31,766
Total ....covviinennnrrenannaes R53,909 R13,105 R67,014 R57,530 R14,214 R71,744 69,032 17,734 86,766

®Values represent lower bound estimates and are rounded to thousands.

e remalining portion of 85-percent methanol and both ethanol fuels is gasoline.

R = Revised.

Notes: ® Weight classes are based on Environmental Protection Agency definitions: light duty Is less than or equal to 8,500 pounds gross vehicle weight;
heavy duly is greater than 8,500 pounds gross vehicle weight.  Estimates for historical years are in roman type; estimates for 1997, based on plans or
projections, are In italic.

Sources: Sclence Applications Intemational Corporation, “Altemative Transportation Fuels and Vehicles Data Development,” unpublished final report prepared
for the Energy Information Administration (McLean, VA, July 1996).
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Table 6. Estimated Number of Alternative-Fueled Vehicles in Use by the U.S. Federal Government,
by Fuel and Weight Category, 1993, 1995, and 1997

1993 1995 1997°

Light Heavy Light Heavy Light Heavy
Fuel Duty Duty Total Duty Duty Total Duty Duty Total
Liquefied Petroleum Gases (LPG) .. 32 0 32 R139 R2 R141 256 2 258
Compressed Natural Gas (CNG) . .. 3,090 0 3,090 R9,432 RO R9,432 22278 0 22,278
Liquefied Natural Gas (LNG) . ..... 0 0 0 R47 0 R47 64 6 70
Methanol, 85 Percent® (M8S) .. .... 5,518 o] 5518 R9,552 RO R9,552 6,594 0 6,594
Methanol, Neat (M100) .......... 0 0 0 0 0 0 0 0 0
Ethanol, 85 Percent” (E85) ....... 114 0 114 R389 0 R389 3,586 0 3,586
Ethanol, 95 Percent® (ES5) ....... 0 0 0 0 0 0 0 0 0
Electricity ......c.cvvveiennnnn RO 0 RO R191 RO R191 519 0 519
Non-LPG Subtotal ............. R8,722 0 R8,722 R19,611 o] R19,611 33041 6 33,047
Total ...ivvennnnnennenaanns .. R8,754 0 R8,754 R19,750 R2 R19,752 33,297 8 33,305

3Based on Federal alternative-fueled vehicle acquisition requirements.

®The remaining portion of 85-percent methanol and both ethanol fuels is gasoline.

R = Revised.

Notes: ® Weight classes are based on Environmental Protection Agency definitions: light duty is less than or equal to 8,500 pounds gross vehicle weight;
heavy duty is greater than 8,500 pounds gross vehicle weight. ® Estimates for historical years are in roman type; estimates for 1997, based on plans
or projections, are in italic.

Sources: U.S. Depariment of Energy, Office of Energy Efficiency and Renewable Energy. Supplemented with data from individual Federal agencles.

Part of the fleet of 250 natural gas vehicles loaned to Atlanta Committee for the Olympic Games by the A.G.A.
Clean Air Team for use during the 1996 Olympics.
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3. Alternative and Replacement Fuel Consumption

In this report, the term “alternative and replacement
fuels” refers to all alternative fuels, as defined in Section
. 301 of the Energy Policy Act of 1992 (EPACT), plus
alcohols, ethers, or other qualified fuels (as defined by
EPACT) that are blended with traditional fuels in smaller
amounts than is required to meet the criteria for an
alternative fuel.’® From 1992 to 1995, consumption of
alternative and replacement fuels grew at a much faster
pace than traditional vehicular fuels. During that period,
consumption of alternative and replacement fuels
increased 84 percent (on a gasoline-equivalent-gallon
basis) while consumption of traditional highway fuels
increased 6.5 percent (Table 7). From 1995 to 1997,
however, the growth of alternative and replacement fuel
consumption is expected to slow to only 5.2 percent,
which is just slightly faster than the estimated con-
sumption of traditional fuels. The slowdown in alternative
and replacement fuel growth is attributable to a slow-
down in oxygenate consumption, which is expected to
increase 4 percent between 1995 and 1997. Consumption
of alternative transportation fuels (ATF’s), on the other
hand, is expected to increase 22 percent during the period,
but alternative fuels account for less than 10 percent of
total alternative and replacement fuel consumption.

As a result of slower growth in alternative and re-
placement fuel consumption, the share of total highway
fuel provided by alternative and replacement fuels is not
expected to increase significantly from 1995 to 1997. In
1992, alternative and replacement fuels accounted for 1.6
percent, on a gasoline-equivalent-gallon basis, of onroad
transportation fuel use. By 1995, that share had increased
to 2.7 percent, but it is expected to remain at that level
through 1997. Alternative fuels alone accounted for .17
percent of onroad fuel consumption in 1992 and .19
percent in 1995; ATF's are expected to account for .23
percent in 1997.

Alternative Fuels

While the most important factor in overall ATF con-
sumption growth is the number of alternative-fueled
vehicles (AFV’s) in use, other factors also affect the rate of
growth. The mix of AFV’s by fuel type and by weight and
usage classification—as well as the proportion of alter-

native fuels used in bifuel, dual-fuel, or flexible-fuel
vehicles—can cause growth rates of vehicles and growth
rates of fuel consumption to differ. Dedicated and heavy-
duty vehidles, for instance, consume more ATF on average
than nondedicated and light-duty vehicles. From 1992 to
1995, the number of AFV’s in use grew at an average
annual rate of 9.8 percent, while ATF consumption grew
at 6.6 percent. During that time period, the percentage of
AFV’s that were light-duty vehicles increased slightly,
which may partially explain why ATF consumption did
notincrease as quickly as AFV’s in use. From 1995 to 1997,
the percentage of light-duty vehidles is expected to remain
fairly constant. The number of AFV’s is expected to grow
7.6 percent annually, but ATF consumption is expected to
grow 10.4 percent. In those years, a large part of the
growth rate difference is due to compressed natural gas
(CNG) consumption.

The shift toward heavier duty CNG vehicles (explained in
Chapter 2) is also apparent in CNG consumption.
However, data collected in 1996 for CNG consumption
dlearly show a large and broad-based increase in expected
fuel usage per vehicle from 1995 to 1997. For a CNG AFV
fleet expected to increase about 60 percent in 2 years, fuel
use is expected to increase by about 130 percent. The
slight shift toward heavy-duty vehicles over the 2-year
period is not sufficient to explain this trend. Although the
estimated increase is broadly based (many companies,
regions, fleet types, etc.), it implies changes that are not
captured in the vehicle data or reported in the literature.
Thus, some uncertainty exists about the estimated events
the data represent.

Deviation is significant between AFV growth rates and
ATF consumption growth rates for M100 vehicles. From
1995 to 1997, the number of M100 vehicles in use is
expected to decline by 66 percent, while consumption is
expected to decline 84 percent. As explained earlier, the
use of M100 for transit buses is expected to decline and,
after 1996, most of the M100 vehicles in the United States
will be school buses. Because of the large difference in
annual vehicle-miles-traveled between transit and school
buses, M100 consumption is expected to decline in 1996
and 1997 at a much higher rate than the vehicle counts
themselves would suggest. This apparent discrepancy is
particularly evident in regional fuel consumption data

_ (Table 8).
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In total, the regional distribution of ATF consumption is
similar to the distribution of AFV’s. Consumption is
lowest in the Northeast, which accounted for 11 percent of
ATF consumption in 1995, and highest in the South, which
accounted for 36 percent (Table 8). For some fuels,
however, the regional distribution reflects differences in
the mix of vehicle types by region. For example, while 24
percent of the liquefied natural gas (LNG) vehicles in 1995
were located in the West, only 8 percent of total LNG

shifts took place from year to year. However, the
conversion of a large number of California buses from
methanol to ethanol (see Chapter 2) is noticeable in the
regional estimates. In 1994, 99 percent of E95 consump-
tion in the United States occurred in the Midwest. By
1997, 99 percent of E95 consumption is expected to occur
in the West. The consumption of M100 exhibits a regional
shiftaway from the West as the number of M100 vehicles
in that region' declines. LNG consumption shows a

consumption occurred there. Overall, no major regional significant shift toward the West between 1995 and 1997,

Table 7. Estimated Consumption of Vehicle Fuels in the United States, 1992-1997
(Thousand Gasoline-Equivalent Gallons)

Fuel 1992 1993 1994 1995 1996 1997

Alternative Fuels

Liquefied Petroleum Gases (LPG) ... 208,142 264,655 R248,467 R232,701 R238,681 244,659

Compressed Natural Gas (CNG) .... . 16,823 21,603 24,160 R35,162 R50,884 81,736

Liquefied Natural Gas (LNG) ........ 585 1,901 R2,345 R2,759 R3,233 4,702

Methanol, 85 Percent® (M85) ....... 1,069 1,593 2,340 R3,575 R3,832 3,850

Methanol, Neat (M100) ............ 2,547 3,166 3,190 R2,150 R360 338

Ethanol; 85 Percent® (E85) ......... 21 48 80 R190 R436 728

Ethanol, 95 Percent® (E95) ......... 85 80 140 R709 R1,803 1,803

Electriclly .......covviiiiinnnnnns R359 R288 430 R663 R815 1,001

Subtotal ...... teeeeees chasases R229,631 R293,334 R281,152 R277,909 R300,044 338,817

Oxygenates

Methyl Tertiary Butyl Ether (MTBE)b .. 1,175,000 2,069,200 2,018,800 R2,682,200 R2,709,100 2,820,400

Ethanolin Gasoho! ............... 701,000 760,000 845,900 R910,700 812,900 912,000
Total Alternative and Replacement
Fuels ..... crssenees teecanns cenee 2,105,631 3,122,534 3,145,852 R3,870,809 R3,822,044 4,071,217
Traditional Fuels

Gasoling® .....veeiiiniiiiiiianns 110,135,000 111,323,000 113,144,000 R115,943,000 R117,768,000 120,125,000

Diesel ..ovveeiiiiiiiiiineeeeees 23,866,000 24,296,630 26,422,490 R26,798,750 R27,566,920 27,825,950
Total Fuel Consumption"I ceeensess . R134,230,631 R135,912,964 R139,847,642 R143,019,659 R145,634,964 148,289,767

The remaining portion of 85-percent methanol and both ethanol fuels is gasoline. Consumption data include the gasoline portion of the fuel.

®Includes a vary small amount of other ethers, primarily Tertiary Amyl Methyl Ether (TAME) and Ethyl Tertiary Butyl Ether (ETBE).

°Gasoline consumption includes ethanol in gasohol and MTBE.

“Total fuel consumption is the sum of alternative fuel, gascline, and diesel consumption. Oxygenate consumption is included in gasoline consumption.

R = Revised. ,

Notes: ® Fuel quantities are expressed in a common base unit of gasoline-equivalent gallons to allow comparisons of different fuel types. Gasoline-
equivalent gallons do not represent gasoline displacement. Gasoline equivalent is computed by dividing the lower heating value of the altemative fuel
by the lower heating value of gasoline and multiplying this result by the altemative fuel consumption value. Lower heating value refers to the Btu content
per unit of fuel excluding the heat produced by condensation of water vapor in the fuel. ® Totals may not equal sum of components due to independent
rounding. & Estimates for historical years are in roman type; estimates for 1997, based on plans or projections, are in italic.

Sources: 1992-1995 Oxygenate Consumption: Energy Information Administration, Petroleum Supply Monthly. 1992-1995 Traditional Fuel
Consumptlon: Energy Information Administration, Petroleum Supply Annual, Volume 1 (June 1996). Highway use of gasoline was estimated as 97.1
percent of consumption, based on data In the Transportation Energy Data Book: Edition 15, prepared by Oak Ridge National Laboratory for the U.S.
Department of Energy (July 1995). Diesel consumption was adjusted for highway use by muitiplying by .488, derived from Energy Information
Administration, Fuel Oif and Kerosene Sales 1993, Table HL1. 1996-1997 Oxygenate and Traditional Fuel Consumption: Energy Information
Administration, Short Term Energy Outlook, Third Quarter 1996. Alternative Fuel Consumption: Energy Information Administration, Office of Coal,
Nuclear, Electric and Alternate Fuels and Sclence Applications Intemational Corporation, “Alternative Transportation Fuels and Vehicles Data
Development,” unpublished final report prepared for the Energy Information Administration (McLean, VA, July 1996).
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Table 8. Share of Alternate Transportation Fuel Consumption, by Region, 1995-1997

(Percent)
1995 1996 1997
North- Mid- North- Mid- North- Mid-
Fuel oast | South | west | West | east | South | west | West | east | South | west | West
Liquefled Petroleum Gasss (LPG) ....... 11 38 29 22 " 38 29 22 11 38 29 22
Compressed Natural Gas (CNG) ........ 14 24 19 42 15 24 19 43 16 23 21 41
Liquefied Natural Gas (LNG) ....... beee 0 90 8 * 87 2 11 * 67 1 32
Methanol, 85 Percent® (M8S5) ........... 7 1 8 74 6 9 7 78 5 8 5 82
Methanol, Neat (M100) ................ 7 90 42 19 0 39 45 20 0 34
Ethanol, 85 Percent® (E85) ............ 1 .8 91 4 * 5 92 3 * 5 90 5
Ethanol, 95 Percent® (E95) v.vvvnvnnnn. 0 * 3 97 0 . 1 99 0 * 1 99
Electdelty ovvvvnrvviininrnnnnnennns 13 22 10 56 12 27 10 51 10 32 8 50
Total covinennnnrnesecsnnonsnnnss 1 36 27 26 1 35 27 27 12 34 27 28

#The remalning porilon of 85-percent methanol and both ethanol fuels Is gasoline. Consumption data include the gasollne portion of the fuel.

* Less than 0.5 percent rounded to 0.

Notes; e Tolals may not equal sum of components due to Independent rounding. ® Estimates for historical years are In roman typs; estimates for 1997,

based on plans or projections, are In italic.

Source: Federal: Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fusls. Non-Federal:

Sclence Applications

Intemational Corporation, “Aftemative Transportation Fuels and Vehicles Data Davelopment,” unpublished final report prepared for the Energy Information

Administration (McLean, VA, July 1996).

while consumption of electricity in vehicles shifts toward
the South.

The relative distribution of ATF consumption by type of
owner is similar to the distribution of AFV’s. In 1995, the
Federal Government accounted for 2.3 percent of ATF
consumption, State and local governments accounted for
18.7 percent, and private entities accounted for 79.0
percent (Table 9). The public sector is expected to increase
its share of AFV’s and ATF consumption by 1997. In 1997,
the Federal Government, State and local governments,
and the private sector are expected to consume 4.6, 21.8,
and 73.6 percent of alternative fuels, respectively.

The role of heavy-duty AFV’s is much more significant in
terms of fuel consumption than their numbers suggest. In
1997, heavy-duty vehicles are expected to comprise 17.6
percent of total AFV’s, yet consumption by heavy-duty
vehicles is expected to account for 38.7 percent of total
ATF consumption. ATF consumption by heavy-duty
vehicles is expected to increase 28.8 percent between 1995
and 1997 (Table 10). During the same time period, ATF
consumption by light-duty vehicles is expected to increase
17.9 percent.

Oxygenates

The increasing use of alternative and replacement fuels is
led by the increased use of oxygenates in gasoline.
Oxygenate consumption (on a gasoline-equivalent-gallon
basis) increased 92 percent from 1992 to 1995 and is
expected to increase 4 percent from 1995 to 1997. The
largest year-to-year increases occurred between 1992 and
1993, when oxygenated gasoline requirements were
instituted, and from 1994 to 1995, when reformulated
gasoline requirements went into effect.

Since the introduction of oxygenate mandates, the share
of oxygenates in the gasoline supply has increased
greatly. In 1992, oxygenates comprised 1.7 percent, on a
gasoline-equivalent-gallon basis, of the gasoline con-
sumed. By 1995, oxygenates accounted for 3.1 percent of
gasoline supplied. Between 1995 and 1997, oxygenated
gasoline as a proportion of total gasoline consumption is
not expected to increase as quickly as it had been. Also,
the demand for gasoline is expected to grow at a slower
pace than in earlier years. As a result, the proportion of
oxygenates in the gasoline supply is expected to remain
constant between 1995 and 1997.
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Table 10. Estimated Consumption of Alternate Transportation Fuels in the United States, by Fuel and Vehicle

Weight, 1993, 1995, and 1997
(Thousand Gasoline-Equivalent Gallons)

1993 1995 1997
Light | Heavy Light | Heavy Light | Heavy
Fuel Duty Duty Total Duty Duty Total Duty Duty Total

Liquefied Petroleum Gases (LPG) ... 160,717 103,938 264,655 R152,452 R80,249 R232,701 160,161 84,498 244,659
Compressed Natural Gas (CNG) .... 14,388 7214 21,603 R19400 R15761 R35,162 42277 39458 81,736
Liquefled Natural Gas (LNG) ....... 10 1,891 1,901 R52 R2,708 R2,759 58 4,644 4,702
Methanol, 85 Percent® (M85) ....... 1,545 48 1,593 R3,576 RO R3,575 3,851 0o 3,850
Methanol, Neat (M100) ........... 0 3,166 3,166 0 R2150 R2,150 * 338 338
Ethanol, 85 Percent® (E85) ........ 47 2 48 R190 RO R190 729 0 728
Ethanol, 95 Percent® (ES5) ........ 1 79 80 R* R709 R709 * 1,803 1,803
Electrcity .......oovvvvninneen. R226 62 R288 R365 R298 R663 505 496 1,001
Total ......o0c0nvvevneen..... R176,934 116,400 R293,334 R176,035 R101,875 R277,909 207,581 131,237 338,817

“The remalning portion of 85-percent methano! and both ethanol fuels is gasoline. Consumption data include the gasoline portion of the fusl.

* Less than 0.5 thousand gasoline-equivalent gallons.
R = Revised,

Notes: @ Fusl quantities are expressed in a common base unit of gasoline-equivalent gallens to allow comparisons of different fuel types. Gasoline-
equivalent gallons do not represent gasoline displacement. Gasoline equivalent is computed by dividing the lower heating value of the alternative fusl
by the lower heating value of gasoline and multiplying this result by the altemative fue! consumption value. Lower heating value refers to the Btu
content per unit of fuel excluding the heat produced by condensation of water vapor in the fuel. ® Welght classes are based on Environmental
Protection Agency definltions: light duty is less than or equal to 8,500 pounds gross vehicle welght; heavy duty is greater than 8,500 pounds gross
vehicle weight. @ Totals may not equal sum of components due to indepandent rounding. ® Estimates for historical years are in roman type; estimates

for 1897, based on plans or projections, are in italic.

Source; Energy Information Administration, Office of Coal, Nuclear, Electric and Altemate Fuels, and Sclence Applications Intemational Corporation,
“Altemnative Transportation Fuels and Vehicles Data Development,” unpublished final report prepared for the Energy Information Administration

(McLean, VA, July 1996).
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4. Alternative-Fueled Vehicles Made Available

Over the long term, the population of alternative fueled
vehicles (AFV’s) will be determined by those added to the
inventory each successive year (net of retirements).
Accordingly, the Energy Information Administration
(EIA) developed a survey (“Alternative Fuels Vehicle
Suppliers' Annual Report,” Form EIA-886), first
conducted in 1995, that reports the number of vehicles
“made available” in the previous calendar year In
addition, the survey requests respondents to estimate the
number of vehicles they expect to make available in the
next calendar year. EIA fielded the EIA-886 survey for the
second time in 1996, obtaining information on AFV’s
made available in 1995 and planned to be made available
through the end of 1996 (Tables 11 through 13).

AFV’s Made Available, 1995

Preliminary data® indicate that 17,888 onroad AFV’s were
made available in 1995. More than one-half were
designed for CNG, while about one-third were fueled by
LPG. About 40 percent were cargo vans or pickup trucks,
23 percent were automobiles, and 21 percent were trucks
other than pickup trucks. One-third of the onroad
vehicles made available had dedicated fuel systems. LPG
fueled 65 percent of the dedicated vehicles. Two-thirds of
the nondedicated vehicles were CNG vehicles. The single
largest category of AFV’s in 1995 was CNG cargo vans
and pickup trucks, which accounted for 27 percent of total
AFV’s made available.

The number of nonroad AFV’s made available in 1995
was 81,020, with LPG forklifts accounting for more than
one-third (Table 12). Electric vehicles accounted for more
than half of the nonroad AFV’s made available in 1995.1

AFV’s Made Available,
1995 Versus 1994

An important distinction must be made in comparing the
results of the 1996 survey with those obtained in 1995. A
major challenge in obtaining accurate AFV survey infor-
mation is determining the universe of respondents.
Between 1995 and 1996, about 400 new potential re-
spondents were added and a number of previous
respondents were determined not to be in the AFV
conversion business. In total, there were 1,350 respondents
to the 1996 survey. Thus, in comparing results obtained
in 1996 with those obtained in 1995 (1994 calendar year
data), it is important to understand whether the major
changes appear to be the result of adding new
respondents, changes in behavior of respondents in both
years, or changes in nonresponse patterns.

To analyze and compare vehicles made available in 1994
and 1995, survey respondents were divided into four
categories: (1) those that supplied responses to both the
1995 and 1996 surveys; (2) new respondents—those that
participated in the 1996 survey only; (3) nonre-
spondents—those identified in either survey but who did
not respond; and (4) out-of-scope respondents—those that
were identified in 1995 or 1996 as not supplying AFV’s.
Below is a summary of 1995 versus 1994 results for CNG
and LPG vehicles.™

Compressed Natural Gas (CNG)

The EIA-886 survey reported approximately 2,300 more
onroad CNG vehicles made available in 1995 than in 1994,
AFV’s made available by original equipment manu-
facturers (OEM’s) declined by 100, while CNG vehicles

19 For more information about Section 301 of the EPACT, refer to footnote number 2 in Chapter 1. Consumption of biodiesel fuel (see
Chayi:ter 5) is not included in this report, primarily because of data limitations, but it will be considered in future reports.

1

An AFV is considered made available in the year it is completed and made ready for delivery to dealers or users. While a vehicle may

be “made available” and “placed in service” in different years, the two activities closely track one another.

12 As of August 31, 1996.

13 The precise number of electric nonroad vehicles cannot be published due to confidentiality rules. See Table 12.
¥ Other fuel types are not included in this summary because of confidentiality of the data.
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Table 11. Number of Onroad Alterﬁative-Fueled Vehicles Made Available, by Fuel Type and Vehicle

Configuration, 1995
Cargo Other
Passenger | Vans/. Other Onroad

Fuel Type Automobiles Vans Pickups | Trucks Buses | Vehicles Total

Liquefied Petroleum Gases (LPG) .. 516 193 1,966 w 153 w 6,004
Dedicated............... erees 207 50 549 w 53 w 3,832
Nondedicated ................. 309 143 1,417 w 100 w 2,172
Compressed Natural Gas (CNG) ... 1,827 " 4,875 703 w w 9,483
Dedicated ........ccvvvvvvennnn 136 w w 27 398 w 1,495
Nondedicated ................. 1,691 367 W 676 w w 7,988
Liquefied Natural Gas (LNG) ...... 0 0 w w w 0 85
Dedicated..............oevent. 0] 0 w w w 0 14
Nondedicated ...... S 0 . 0 w w w 0 71
Methanol, 85 percent® (M85) ...... 1,335 0 0 0 0 0 1,335
Dedicated..........ccvvvvnen. 0 0 0 0 0 0 0
Nondedicated ........ccovv.... 1,335 0 0 0 0 0 1,335
Methanol, Neat (M100) ........... 0 0 0 0 0 0 o
Dedicated ..........covvveunne. 0 0 0 0 0 0 0
Nondedicated ................. : 0 0 0 0 0 0 0
Ethanol, 85 percent® (E85) ........ 430 0 0 0 0] 0 430
Dedicated .........c.ccvveltn 0 0. 0 0 0 0 0
Nondedicated .................. 430 0 0 0 0 0 430
Ethanol, 95 percent® (E95) ........ 0 0 0 0 0 0 0
Dedicated ...........cccvenennn . -0 0 0 0 0 0 0
Nondedicated ..........cceuunnn 0! 0 0 0 0 0 0
Electricity ......ccciviiiiiiiant. 74 . w 65 0 w w 538
Nonhybrid .............cvnntn. 74 w 65 0 w w 538
Hybrid ......oeiiiiiiinnen. 0 0 0 0 0 0 0
Other . eeie i ieaaens 0 0 w 0 10 w 13
Dedicated............covvennn. 0 0 0 0 8 0 8
Nondedicated ................. o - 0 w 0 2 w .5

B -3 - | 4,182 935 6,956 3,838 1,071 906 17,888
Dedicated and Nonhybrid ...... 417 425 1,164 2,959 706 216 5,887
Nondedicated and Hybrid ...... 3,765 510 5,792 879 365 690 12,001

2The remaining portion of 85-percent methanol and both ethano! fuels Is gasoline.

®Includes hydrogen, biodiesel, and other altemative fuels.

W = Withheld to avoid disclosure of individual company data.

Notes: eVehicles made available are vehicles that are completed and made available for delivery to dealers or users in a given year. #Dedlcated
vehicles and nonhybrid electric vehicles are designed to operate exclusively on one altemnative fusl. Nondedicated vehicles and hybrid electric vehicles
are configured to operate on more than one fuel, usually an altemative fuel and gasoline or diese! fuel. ®Data are based on survey responses as of August
31, 1996.

Source: Energy Information Administration, Form EIA-886, “Alternative Fuel Vehicle Suppliers’ Annual Report.”
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Table 12. Number of Nonroad Alternative-Fueled
Vehicles Made Available in 1995 and
Planned to be Made Available in 1996, by

Fuel Type

Fuel Type 1995 1996
Liquefied Petroleum Gases (LPG) . w w
Compressed Natural Gas (CNG) .. 323 574
Liquefied Natural Gas (LNG) ..... w w
Methanol, 85 percent® (M85) ..... 0 0
Methanol, Neat (M100) .......... 0 0
Ethanol, 85 percent® (E85) ....... 0 0
Ethanol, 95 percent® (E95) ....... 0 0
Electricity ......oovvvvenienn... w 24,264
Other® ..vvveeeveiieneeennns, 0 0
L2 | 81,020 44,634

®The remalning portion of 85-parcent methanol and both ethanol fuels is
gasoline.

®Includes hydrogen, biodiesel, and other alternative fuels.

W = Withheld to avoid disclosure of individual company data.

Notes: ® Nonroad vehicles are vehicles designed for offroad operation
and used for industrial or commercial purposes. They include forklifts,
agricultural and construction vehicles, and others. ® Vehicles made
avallable are vehicles that are completed and made avallable for delivery
to dealers or users in a given year. ® Data are based on survey responses
as of August 31, 1996,

Source: Energy Information Administration, Form EIA-886, “Alternative
Fuel Vehicle Suppliers’ Annual Report.”

made available through conversions increased by 2,400.
The decrease in the number of OEM vehicles was
predominately reported by respondents identified in last
year's survey who showed a decrease in the number of
vehicles manufactured. This decrease was overshadowed
by the large increase in the number of vehicles converted
to CNG. Thirty-six percent of the increase in converted
vehicles made available were from after-market vehicle
converters who reported increases (ranging from 80 to
more than 600 vehicles) in the number of AFV’s converted
between 1994 and 1995, while thirty-four percent of the
converted AFV’s reported in 1996 were nonrespondents to
the 1995 survey.

' Liquefied Petroleum Gas (LPG)

The number of LPG (propane) vehicles made available in
1995 was approximately 1,200 fewer than in 1994. Both
OEM'’s and after-market converters reported decreases.
Fifty-five percent of the decrease was reported by
respondents that were identified in the 1995 survey
(reporting vehicles for 1994) but reported converting no

* vehicles in this year's survey. Forty-four percent of the

reduction in OEM AFV's originated from respondents that
were identified in the 1995 survey but were out of scope
this year. After-market converters reported making
available 1,100 fewer LPG vehicles in 1995 than in 1994. Of
this decrease, 69 percent were from respondents that
reported in both years. Twenty-two percent of the
decrease in AFV’s resulted from entities who reported
converting vehicles in 1994 but converted none in 1995.

Nonroad AFV’s

The EIA-886 survey results showed that 81,020 nonroad
AFV’s were made available in 1995 (Table 12). This
number represents an increase of more than 40,000
nonroad AFV’s from 1994. Forklifts, industrial vehicles,
and nonagricultural nonroad vehicles accounted for more
than ninety-five percent of nonroad AFV’s.

Outlook—1996 AFV’s
to be Made Available

The number of onroad AFV’s planned to be made
available in 1996 is 27,335 (Table 12). This number
represents an increase of more than 9,400 AFV’s from 1995
to 1996. CNG vehicles are expected to account for more
than 40 percent of the increase. LPG vehicles are projected
to decline by 40 percent. Electric vehicles are expected to
increase nearly fenfold. Eighty-three percent of the
planned AFV’s are expected to be automobiles, pickup
trucks, and other trucks.
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Table 13. Number of Onroad Alternative-Fueied Vehicles Planned to be Made Available, by Fuel Type
and Vehicle Configuration, 1996

Cargo Other
Passenger | Vans/ Other Onroad

Fuel Type Automobiles| Vans Pickups | Trucks Buses | Vehicles Total

Liquefied Petroleum Gas (LPG) .... 436 24 966 w 184 w 3,584
Dedicated .......ccocivvvvnenen 223 W 196 w w w 2,382
Nondedicated ................. 213 w 770 47 w w 1,202
Compressed Natural Gas (CNG) ... 2,748 w 5,629 w 850 w 13,283
Dedicated ...............cee.t, ) w w w 555 w 4,203
Nondedicated ................. ‘ w w W w 295 w 9,080
Liquefied Natural Gas (LNG) ...... 0 0 w w w 0 199
Dedicated..................... 0 0 0] w w 0 138
Nondedicated ................. . 0o 0 w w w 0 61
Methanol, 85 percent (M85)* ...... w 0 0 0 0 0 w
Dedicated ...........ccivveeetn 0 0 o] 0 0 0 0
Nondedicated ................. w 0 0 0 0 0 w
Methanol, Neat (M100) ........... 0 0 0 0 0 0 0
Dedicated............covvunnn 0 0 0 0 0 0 0
Nondedicated ................. 0 0 0 0 0 0 0]
Ethanol, 85 percent (E85)° ....... » w 0 0 0 0 0 w
Dedicated..........covvvvnnnnn 0] 0 0 0] 0 0 0
Nondedicated ................. w 0 0 o] 0 0 w
Ethanol, 95 percent (E95)° ........ ] 0 0 0 0 0 0
Dedicated...........ccevvunnns 0 0 0 0 0 o] 0
Nondedicated ................. 0] 0 0 o] 0 0 0
Electricity ....cccvvvivieeninnnns w w w w w w 4,663
Nonhybrid ......ccvvvvvvunnns w w w w w w 4,663
Hybrid.......cocieiiiininennss 0] 0] 0] 0 0 o] 0
OtEr . et W 0 o 0 w 0 6
Dedicated.............covvte.. (VI 0 0 0 0 0 0
Nondedicated ................. w 0] 0] o] w 0 6
Total...oveeiiiiiiiiiiineanens ) 10,871 924 7,150 4,878 1,199 2,313 27,335
Dedicated and Nonhybrid ...... 2,846 778 2,023 2,972 733 2,034 11,386
Nondedicated and Hybrid ...... 8,025 146 5,127 1,906 466 279 15,949

2The remalining portion of 85-percent methanol and both ethanol fuels is gasoline.

PIncludes hydrogen, biodiesel, and other altemative fuels. '

W = Withheld to avold disclosure of Individual company data. .

Notes: e Vehicles made available are vehicles that are completed and made available for delivery to dealers or users In a given year. @ Dedicated
vehicles and nonhybrid electric vehicles are designed to operate exclusively on one altemative fuel. Nondedicated vehicles and hybrid electric vehicles
are configured 1o operate on more than one fuel, usually an altemative fuel and gasoline or diesel fuel. eData are based on survey responses as of August
31, 1996.

Source: Energy Information Administration, Form EIA-886, “Alternative Fuel Vehicle Suppliers’ Annual Report.”
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5. Special Topics

This chapter presents information on a variety of
alternative-fuel subjects. The objective is to provide brief
discussions of selected topics that are of special interest to
readers. The first section of this chapter summarizes the
recent Federal rulemaking for acquisition of alternative-
fueled vehicles by alternative fuel providers and State
fleets, The next section lists, by State, (1) incentives offered
by governments and industry to expand the use of
alternative-fueled vehicles (AFV’s) and (2) State taxes on
the different transportation fuels. The third section is a
background discussion of biodiesel fuel. This sectionisa
prelude to the inclusion of biodiesel fuel data in future
EIA reports. The next section provides some explanation
of the emerging technology of fuel cells and their potential
for vehicle use. Finally, information is presented on the
location of alternative fuel refueling sites. When appli-
cable, the reader is referred to non-EIA sources for further
information.

Federal Rule for Alternative-Fueled
Vehicle Acquisitions by State
. Government and Fuel Provider Fleets

On March 14, 1996, the U.S. Department of Energy (DOE)
published a final rule to implement alternative-fuel
vehicle (AFV) acquisition requirements for State govern-
ment and fuel provider fleets, as directed in the Energy
Policy Act of 1992 (EPACT). The rule contains inter-
pretations necessary for affected entities to determine
whether and to what extent the requirements apply. It
also explains procedures for exemption and adminis-
trative remedies, specifies a program of marketable credits
to reward those who voluntarily acquire vehicles in excess
of mandated requirements or before the requirements take
effect, and allows use of such credits to demonstrate
compliance with those requirements.

In general, a State government or State agency must
comply with the AFV acquisition requirements if it owns,
operates, leases, or otherwise controls a specified number
of light-duty vehicles meeting certain criteria (e.g.,
capable of being centrally fueled). States have the option
to comply as a whole State or to allow State agency fleet

operators to comply individually. For States or State
agencies, the rulemaking specifies that of the new light-
duty vehicles acquired annually, the following
percentages must be AFV’s:

Ten percent for model year 1997

Fifteen percent for model year 1998
Twenty-five percent for model year 1999
Fifty percent for model year 2000
Seventy-five percent thereafter.

An alternative-fuel provider is defined as an entity whose
principal business is producing, storing, refining, pro-
cessing, transporting, distributing, importing, or selling
any alternative fuel (other than electricity), or generating,
transmitting, importing, or selling electricity. Alternative
fuel providers include entities that produce and/or
import an average of 50,000 barrels per day or more of
petroleum if 30 percent or more of the entities’ gross
annual revenues are derived from producing alternative
fuels. Entities that are defined as alternative fuel providers
must comply with the rulemaking if they own, operate,
lease, or otherwise control a specified number of light-
duty vehicles meeting certain criteria. The percentage
acquisition requirements for alternative-fuel providers are
the following:

Thirty percent for model year 1997
Fifty percent for model year 1998
Seventy percent for model year 1999
Ninety percent thereafter.

Under certain conditions, electric utilities may follow a
different schedule.

The U.S. Department of Energy provides a “reader-
friendly” guide covering the main requirements of the
rule. To obtain a copy of the guide, a full copy of the rule,
or other information about the rule, contact the Energy
Efficiency and Renewable Energy Clearinghouse (EREC),
1-800-DOE-EREC (or P.O. Box 3048, Merrifield, VA

, 22116). World Wide Web users can access EREC infor-

mation at http://www.eren.doe.gov. Information may
also be obtained from the National Alternative Fuels
Hotline, 1-800-423-1DOE (http://www.afdc.doe.gov).
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State and Industry Incentives for
Alternative-Fueled Vehicles and State
Taxes on Alternative and Traditional
Transportation Fuels

This section provides an overview of efforts taken by the
States and industries to promote alternative transportation
fuels and alternative-fueled vehicles in compliance with
EPACT, and the Clean Air Act Amendments of 1990
(CAAA90). Table 14 presents a summary of incentives
offered by States and industries to promote alternative
fueled vehicles. Table 15 gives an update of State taxes on
gasoline, diesel, gasohol, compressed natural gas,
liquefied petroleum gas, methanol, and ethanol.

Biodiesel

On March 14, 1996, the Secretary of Energy designated
neat'® biodiesel as an alternative transportation fuel, in
accordance with the provisions of EPACT.! This action
heightened the importance of biodiesel as a component of
the plan to meet the EPACT goal to increase the Nation's
energy security. EPACT requires that 30 percent of the
Nation’s fuel come from non-petroleum sources by 2010,
with at least half of this amount being of domestic origin.

In addition, biodiesel is viewed as an agent to reduce
noxious emissions. Currently, engine pollution accounts
for nearly 90 percent of carbon monoxide, 50 percent of
nitrogen oxides (which, in turn, combine to form about 50
percent of photochemical oxidants, including harmful
ozone) and 50 percent of the volatile organic compounds,
16 percent of particulate matter in metropolitan areas
(diesel only), and 30 percent of airborne lead emissions.

Biodiesel is now registered as a fuel and as a fuel additive
with the US. Environmental Protection Agency under

15 #Neat” fuel is 100-percent pure, as opposed to a blend (e.g., E85).

CAAA90. Both EPACT and CAAA90 have provisions
mandating the acquisition of “clean” vehicles, although
definitions vary slightly between the two laws.

Background

Biodiesel is made from vegetable oils or animal tallow.
Most biodiesel produced in the United States today is
derived from either soybeans or rapeseed (mustard).
Currently, only one company in the United States makes
biodiesel in commercial quantities—Proctor and Gamble.
Consumption of biodiesel in 1995 amounted to about 1
million gallons.

Biodiesel is made through a process known as trans-
esterification. Essentially, a vegetable oil is combined
with an alcohol in the presence of a catalyst? to form
biodiesel. Glycerol, used in making soap, is a valuable
by-product of this chemical reaction. Ironically, the
alcohols normally used to make biodiesel, methanol, and
ethanol are also alternative transportation fuels.

Performance Characteristics

Although neat biodiesel is now officially an alternate
transportation fuel, the principal motivation for using
biodiesel seems to be to reduce harmful emissions. A
variety of diesel engine tests® have shown that a 20-
percent biodiesel blend (B20)" used in unmodified diesel
engines reduces particulate matter and carbon monoxide
emissions considerably, total hydrocarbon emissions
somewhat; however, nitrogen oxide emissions increase
without other engine modifications.” Specifications for
two typical samples of neat biodiesel are presented in
Table 16,

Power output using biodiesel B20 appears to be close to
that obtained from conventional No. 2 low-sulfur diesel
(LSD)2 Biodiesel fuel economy is slightly less than for

16 61 FR, p. 10653 officially made neat biodiesel an “alternative transportation fuel.”

17 One catalyst used is sodium hydroxide (NaOH).

18 #6V.92TA DDC Engine Exhaust Emission Tests Using Methyl Ester Soybean Oil/Diesel Fuel Blends,” by L.G. Schumacher, D, Fossen,

W. Goetz, S. C. Borgelt, and W. G. Hires, University of Missouri, Agricultural Engineering Department, Room 235, Columbia, MO 65211, C.L.
Peterson and D.L. Reece, “Emission Testing with Blends of Esters of Rapeseed Oil Fuel With and Without a Catalytic Convertor,” Society of
Automotive Engineers Technical Paper Series (January 4, 1996, Warrendale, PA).

19 Usually 20-percent biodiesel, 80-percent No. 2 low-sulfur diesel. '

2 Nitrogen emissions can be reduced by changing the ignition timing and using a platinum catalytic converter; see “6V-92TA DDC Engine
Exhaust Emission Tests Using Methyl Ester Soybean Oil/Diesel Fuel Blends,” by L. G. Schumacher, D. Fossen, W. Goetz, S. C. Borgelt, and
W. G. Hires, University of Missouri, Agricultural Engineering Department, Room 235, Columbia, MO 65211

21 #Cymmins 5.9L Biodiesel Fueled Engines,” by L. G. Schumacher, W. G. Hires, University of Missouri, Agricultural Engineering
Department, Room 235, Columbia, MO 6521), and J. G. Hrahl (Institute of Biosystems Engineering, Federal Agricultural Research Centre,
Braunschweig, Germany D-38116).
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Table 14. State and Industry Incentives for Alternative-Fueled Vehicles

State State Incentives Industry Incentives
The State provides assistance of up to $250,000 per Natural gas utilities support natural gas vehicles
Alabama project for conversion of public fleet vehicles. program.
Enstar Natural Gas Company provides
assistance for the conversion of natural gas
Alaska The State provides no incentives. vehicles.
The State provides income tax reductions, vehicle
license tax reductions, and fuel tax reductions for the Two electric utilities offer rebates for the
Arizona purchase and use of AFV's, ‘ purchase of electric buses.
The State provides a 50-percent rebate for the
Arkansas conversion costs for AFV’s. Utilities offer incentives.
The California Energy Commission offers incentives of | Many utilities offer incentives for the purchase
$1,000 for certified low-emission vehicles and $1,500 | or conversion of AFV's. For example, San
for certified ultra—low-emission vehicles. The State Diego Gas & Electric provides 50 percent of the
offers an income tax credit equal to 55 percent of incremental conversion cost or the purchase
incremental or conversion cost of certified low- price of original equipment manufacturers
California emission vehicles. (OEM) natural gas vehicles.
The State provides rebates of $1,500- $6,000 per
AFV’s. The State offers 5- percent tax credit to the Most utilities support alternative fuel projects by
Colorado owners for the conversion to or the purchase of AFV's, participating in the State programs.
Corporations are eligible for tax credits for 50 percent
of conversion costs to CNG Vehicles, LPG Vehicles, Utilities are actively supporting the use of
LNG Vehicles, Electric Vehicles, or AFV filling stations. | AFV's, Natural gas utilities offer cash or other
A 10-percent tax credit is available for the incremental | incentives for vehicle purchase or conversions
Connacticut cost of natural gas or electric vehicles. on a project-specific basis.
. The State provides financing for the, conversion or the
Delaware purchase of AFV's for public fleets. No incentives are offered.
Dlstrict of
Columbla The State provides no incentives. Several utilities offer incentives for AFV's.
The State provides tax exemption for privately owned
electric vehicles. The state offers financing for the
conversion to or the purchase of AFV's for public Several utilities offer incentives for the
Florida floots. conversion to CNG Vehicles.
Atlanta Gas Light Company offers cash rebates
The State offers grants to fund the conversions to or for the part of conversion to or the purchase
Georgla the purchases of AFV's for public flests. cost of natural gas vehicles.
The State offers income tax deductions for the
conversion to or the purchase cost of AFV's and for
Hawail the installation of AFV refueling stations. Several utilities offer incentives for AFV's.
Mountain Fuel offer incentives for the
ldaho The State provides no incentives. conversion to CNG Vehicles.
Several utilities promote the use of AFV's,
People Gas Light & Coke offers $1,500 per
The State offers a rebate of 80 percent of conversion vehicle rebate for natural gas vehicle
lllinols or incremental cost of AFV's, up to $4,000 per vehicle. | conversions or purchases.
Several utilities offer rebates of up to $1,000 for
Indiana The State provides no incentives. natural gas vehicle conversions.
The State provides financing for AFV conversions for | Midwest Gas offers incentives for the
lowa public fleets. conversion to natural gas vehicles.
The State offers tax credits to fleets of 10 or more
vehicles and grants of up to $1,500 per vehicle for
Kansas AFV conversions or purchases. No incentives are offered.
Several utilities provide incentives for AFV's.
Western Kentucky Gas offers its customers a
entucky The State provides no incentives. 1,000 rebate for CNGV conversion costs
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Table 14. State and Industry Incentives for Alternative-Fueled Vehicles (Continued)

State State Incentives Industry Incentives
The State offers tax credit for 20 percent of the
incremental or conversion costs for AFV’s or refueling | Trans Louisiana Gas offers incentives for the
stations. It also offers zero-interest loans for the conversion to natural gas vehicles on a case-
Louisiana conversion of public fleets and school buses to AFV’s. | by-case basis.
Bay State Gas Company offer incentives for the
Maine The State provides no incentives. conversion to natural gas vehicles.
The State offers income tax credits for the cost of
converting or purchasing AFV’s. Refueling or
recharging equipment for AFV's are exempt from Several utilities are active in promoting AFV's,
property tax. Electric vehicles are exempt from motor and Potomac Electric Power Company has a
fuel tax and the conversion costs for clean fuel special rate for off-peak charging of electric
Maryland vehicles are exempt from sales tax. vehicles.
Several utilities support the use of AFV’s and
Massachusetts The State provides no incentives. offer various incentives.
Several utilities are providing incentives for
AFV's, including $300 and $500 rebates from
Consumers Power Company for biofuels and
Michigan The State provides no incentives. dedicated AFV's.
Several natural gas utilities offer incentives for
the conversion to or purchase of CNG Vehicles,
including a $500-$2,000 rebate from
‘ Minnegasco, Northern Minnesota Utilities, and
Minnesota The State provides no incentives. Northern States Power.
Mississippi Valley Gas offers incentives for
Mississippi The State provides no incentives. natural gas vehicles.
Philips 66 offer incentives for the conversion to
Missouri The State provides no incentives. LPG Vehicles.
The State provides a 50-percent income tax credit for | Several utilities offer incentives for natural gas
Montana the conversion costs of AFV's. vehicles.
The State offers no-cost and low-cost loans for the
conversion costs of public fleets, incremental cost Metropolitan Utilities Distribution offers a $500
factory-equipped AFV'’s, and installation costs for rebate for the conversions and purchases of
Nebraska refueling stations. original equipment manufacturer CNG Vehicles.
The State pays for all but $1,500 per vehicle for the :
conversion to natural gas of up to two vehicles per
Nevada private fleet. No incentives are offered.

New Hampshire

The State has mandates requiring public and private
entities to purchase a percentage of inherently low
emission vehicles.

Bay State Gas Company offers incentives for
the conversion to natural gas vehicles.

Several utilities are active in supporting AFV
programs and offer rebates for purchases and

New Jersey The State provides no incentives. conversion of vehicles.

The State provides grants on a competitive basis for Gas Company of New Mexico offer rebates for
New Mexico projects, including AFV conversion projects. the purchase of natural gas vehicles.

The State provides several sales tax exemptions for

AFV’'s and funds AFV projects on a case-by-case Many utilities offer assistance on a case-by-
New York basis. case basis.

North Carolina

The State provides no incentives.

Several utilities support AFV projects on a
case-by-case basis.

North Dakota

The State provides a tax credit of $200-$500 per
vehicle on conversions to alternate fuels.

Montana-Dakota Utilities Company provides a
10-percent credit on the purchase of natural

gas vehicles and incentives on the conversion
to natural gas vehicles or LPG Vehicles. ]
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Table 14. State and Industry Incentives for Alternative-Fueled Vehicles {Continued)

State State Incentives Industry Incentives
Several utilities support AFV programs.
Cincinnati Gas and Electric offers a $600
Ohio The State provides no incentives. conversion rebate for CNG Vehicles.
The State provides income tax credit of up to 50
percent of the cost of AFV conversions and 10 percent
of the total OEM AFV cost, up to $1,500. It has a loan
Oklahoma fund for conversion of public fleets to AFV's. No incentives are provided. .
Natural gas utilities will work with customers to
The State provides a 35-percent tax credit for AFV’s facilitate a tax credit program for natural gas
Oregon and AFV refueling stations. vehicles.

Pennsylvania

The State provides tax and registration fee exemptions
for electric vehicles. The alternative fuels incentives
grants offer to pay 50 percent of the costs for
conversions and purchases of AFV’s, and installations
of refueling stations for AFV’s.

Consolidated Natural Gas Company offers
$1,000 for the purchase of OEM AFV's,

Rhode Island

The State provides no incentives.

Providence Gas provides a $1,000 rebate per
vehicle for up to two conversions of vehicles to
natural gas vehicles.

South Carolina

Legislation is pending for tax incentives for AFV’s.

Utilities offer incentives for natural gas vehicles
on a case-by-case basis.

South Dakota

The State provides no incentives.

Montana-Dakota Utilities Company offers a 10-
percent credit, up to $500 for the purchase of
AFV’s. -

Utilities provide incentives for natural gas

Tennessee The State provides no incentives. vehicles on a case-by-case basis.
The City of Austin and Southern Union Gas
offer a $2,000 rebate for the purchase or
conversion of a natural gas vehicle, and Atmos
Energy offers a $500 rebate for the purchase of
or conversion to a natural gas vehicle. Entex
The State provides low-interest loans for the offers a $2,000 rebate for the conversion to or
Texas conversion of public fleets to AFV’s. purchase of a natural gas vehicle.
The State provides a 20-percent tax credit, up to $500
for each new dedicated AFV registered in Utah, and a
20-percent tax credit, up to $400 for the conversion
costs for CNG Vehicles, LPG Vehicles and Electric
Vehicles. It offers low-interest loan programs for the The Sait Lake City Airport Authority provides
purchase of or conversion to AFV’s or for the incentives to ground transportation providers for
Utah construction of refueling facilities for AFV’s. the conversion to or purchase of AFV's.
Vermont Gas Systems provide assistance for
the conversion to natural gas vehicles on a
Vermont Legislation is pending for tax incentives for AFV's. case-by-case basis.
The State provides a licensing fee exemption and
exemption from the high occupancy vehicle lane use
restrictions for AFV's. It also provides a 10-percent
tax deduction to Federal clean fuel tax, 1.5-percent
sales tax reduction for AFV's, and an AFV fuel tax
reduction. It offers loans for the conversion of public Several utilities support AFV programs and offer
| Virginia fleets to AFV's. incentives on a case-by-case basis.
Washington Natural Gas offers support for the
Washington The State provides no incentives. conversion to natural gas vehicles.

West Virginia

The State provides grants, up to $1,000, for the
conversion of public fleets to AFV's.

Several utilities provide assistance with natural
gas vehicle conversions. Virginia Power offers a
special rate for recharging Electric Vehicles.
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Table 14. State and Industry Incentives for Alternative-Fueled Vehicles (Continued)

State State Incentives

Industry Incentives

The State offers municipalities the competitive cost-
sharing grants for the added costs of AFV's. The
maximum grant is $2,500 per auto and $10,000 per

Several utilities are active in promoting natural
gas vehicles. Wisconsin Gas, Wisconsin

Natural Gas, and Madison Gas & Electric offer
cash rebates for the purchase of or conversion

Wisconsin truck. Each municipality is limited to $50,000. to natural gas vehicles.
Montana-Dakota Utilities Company provides a
10-percent credit, up to $500, on the
incremental cost of purchasing the natural gas
Wyoming The State provides no incentives. option on an OEM vehicle.

Sources: Clean Cities: Guide to Alternative Fuel Vehicle Incentives and Laws, U.S. Department of Energy, November 1995; The
Clean Fuels and Electric Vehicles Report, J.E. Sinor Consultants, Inc., Vol. 8, No. 2, April 1996.

LSD.2 Engine maintenance appears to be about the same
for the two fuels.? Vehicle range is likely to be slightly
less, owing both to biodiesel’s slightly lower fuel economy
and lower heating value (approximately 17,500 Btu/Ib*
versus 19,600 Btu/1b for conventional diesel).

In terms of safety, biodiesel has superior safety char-
acteristics compared to conventional diesel (already a safe
fuel compared to gasoline). Biodiesel’s flash point is
about 350 degrees Fahrenheit, versus 176 degrees for
conventional diesel.® In addition, biodiesel is less toxic to
mammals than conventional diesel.

Biodiesel requires some special handling in cold weather.
Whereas the pour point for conventional diesel is about -
18 degrees Fahrenheit, biodiesel’s pour point ranges
between roughly -5 and 20 degrees, depending upon the
oil and alcohol used.? This problem can be overcome by
using a combination of recycled (and hotter) fuel and fuel
preheaters.

Feasibility

While biodiesel’s performance appears to be highly
desirable, economics is another matter. Biodiesel costs
between four and six times the price of LSD, depending
upon crop prices. Thus, even a 20-percent blend of
biodiesel is considerably more expensive than LSD.
Recently, a life-cycle cost study of transit buses concluded
that if neat biodiesel cost $3.00 per gallon, the total
operating cost of transit buses fueled with B20 would be
32-percent higher than if LSD were used.” This price
difference reinforces the view that its primary application
will be in niche markets.

Availability is another reason most efforts to introduce
biodiesel are targeted to niche markets. Current bio-oil
(soybean, corn, cottonseed, peanut, sunflower, canola, and
rendered tallow) production, even if dedicated to fuel
production entirely, would fall far short of satisfying total
diesel fuel demand. With U.S. diesel fuel consumption in

2 “Cummins 5.9L Biodiesel Fueled Engines,” by L. G. Schumacher, W. G. Hires, University of Missouri, Agricultural Engineering
Department, Room 235, Columbia, MO 6521), and J. G. Hrahl (Institute of Biosystems Engineering, Federal Agricultural Research Centre,
Braunschweig, Germany D-38116). C. L. Peterson and D. Reece, Department of Agricultural Engineering, University of Idaho, Moscow, 1D
83844-2040, Internet address: / /http.www.uidaho.edu.bae biodiesel /biodie.html, as of July 1, 1996.

3 “Maintenance, Repair, Engine Exhaust Emissions Associated with Biodiesel Fueling of Urban Buses,” by L. G. Schumacher and M. G.
Russell, University of Missouri, Agricultural Engineering Department, Room 235, Columbia, MO 65211.

24 C L. Peterson and D. Reece, Department of Agricultural Engineering, University of Idaho, Moscow, ID 83844-2040, Internet address:

// hglg).www.uidaho.edu.bae.biodiesel/ biodie.html, as of July 1, 1996.

C.L. Peterson and D. Reece, Department of Agricultural Engineering, University of Idaho, Moscow, ID 83844-2040, Internet address:

// hgl}).www.uidaho.edu.bae.biodiesel/ biodie.htm], as of July 1, 1996.

Thid, and “6V-92TA DDC Engine Exhaust Emission Tests Using Methyl Ester Soybean Oil/Diesel Fuel Blends,” by L.G. Schumacher,
D. Fossen, W. Goetz, S. C. Borgelt, and W. G. Hires, University of Missouri, Agricultural Engineering Department, Room 235, Columbia, MO

65211.

7 #The Economics of Engine Replacement/Repair for Biodiesel Fuels,” prepared for the U.S. Department of Agriculture, Office of
Technology, by N.B.C. Ahouissoussi and M.E. Wetzstein, University of Georgia, Department of Agricultural and Applied Economics, March

1995.
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Table 15. State Taxes on Alternative and Traditional Transportation Fuels

(Dollars per Gas-Equivalent Gallon)

State Gasoline Diesel Gasohol CNG LPG Methano! Ethanol
Alabama®®............. 0.18 0.19 0.18 0.18 0.18 0.18 0.18
Alaska ...........ou... 0.08 0.08 0 0.08 0.08 0.08 0.08
Arizona...........o.... 0.185 0.185 0.185 0.01 0.185 0.185 0.185
Arkansas ............u. 0.185 0.185 0.185 0.01 0.165 0.185 0.185
California® ............. 0.18 0.18 0.18 0.07 0.06 0.09 0.09
Colorado .............. 0.22 0.22 0.22 0.205 0.205 0.22 0.22
Connecticut® ........... 0.37 0.18 0.36 0.37 0.37 0.37 0.37
Delaware .............. 0.23 0.22 0.19 0.19 0.19 0.19 0.19
District of Columbia ...... 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Florida®®® ............. 0.125 0.125 0.125 0.125 0.125 0.125 0.125
Georgia® .........c..... 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Hawaii' ................ 0.248 0.248 0.248 0.248 0.17 0.248 0.248
1daho ...vvvvrvvnennnn. 0.21 0.21 0.21 0.165 0.152 0.21 0.21
Minois*™ ............. 0.19 0.215 0.19 0.19 0.19 0.19 0.19
Indiana .....oovvnvnnnn. 0.15 0.16 0.16 0.16 0.16 0.15 0.16
IOWR ©vvvenrvnrnnrnnens 0.2 0.225 0.19 0.16 0.2 0.19 0.19
Kansas .......ovevvvnnn 0.18 0.2 0.18 0.17 0.17 0.2 0.2
Kentucky®'............. 0.15 0.15 0.15 0.12 0.15 0.15 0.15
Louisiana® ............. 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Maine voovvrvenvnnennn. 0.19 0.2 0.18 0.18 0.18 0.18 0.18
Maryland .............. 0.235 0.2425 0.235 0.235 0.235 0.235 0.235
Massachusetts® . ........ 0.21 0.21 0.21 0.21 0.081 0.21 0.21
Michigan............... 0.15 0.15 0.15 0.15 0.15 0.15 0.166
Minnesota ............. 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Mississippil ............. 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Missouri® ............. 0.17 0.17 0.17 0.17 0.17 0.17 0.17
Montana®®............. 0.27 0.2775 0.27 0.2775 0.2775 0.2775 0.2775
Nebraska® ............. 0.257 0.257 0.257 0.257 0.257 0.257 0.257
Nevada® ............... 0.23 0.27 0.23 0.23 0.23 0.23 0.23
New Hampshire ......... 0.18 0.18 0.18 0.18 0.18 0.18 0.18
NewdJersey' ............ 0.105 0.135 0.105 0.0525 0.0525 0.105 0.105
New Mexico®™ ......... 0.17 0.18 0.18 0.18 0.18 0.18 0.18
New York®" ............ 0.08 0.08 0.08 0.08 0.08 0.08 0.08
North Carolina? ......... 0.22 0.22 0.22 0.22 0.22 0.22 0.22
North Dakota® .......... 0.2 0.2 0.2 0.2 0.2 0.2 0.2
(0] 1< 0.22 0.22 0.22 0.22 0.22 0.22 0.22
Oklahoma® ............. 0.17 0.14 0.17 0.17 0.17 0.17 0.17
Oregon .oovevvneenennn. 0.24 0.24 0.19 0.24 0.24 0.24 0.19
Pennsylvania ........... 0.224 0.224 0.224 0.224 0.224 0.224 0.224
Rhode Island® .......... 0.28 0.28 0.28 0.28 0.28 0.28 0.28
South Carolina .......... 0.16 0.16 0.1 0.16 0.16 0.16 0.1
South Dakota® .......... 0.18 0.18 0.16 0.06 0.16 0.06 0.06
Tennessee® ............ 0.214 0.184 0.18 0.14 0.14 0.18 0.18
Texas .vvvvvveennnnnns 0.2 0.2 0.2 0.15 0.15 0.2 0.2
Utah vovivininnnnnennn, 0.195 0.195 0.195 0.03 0.03 0.03 0.03
Vermont® .............. 0.16 0.17 0.16 0.16 0.16 0.16 0.16
Virginia covveeeninienn.. 0.175 0.16 0.175 0.16 0.16 0.16 0.16
Washington ............ 0.23 0.23 0 0.23 0.23 0 0

See notes at end of table.
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Table 15. State Taxes on Alternative and Traditional Transportation Fuels (Continued)

State Gasoline Diesel Gasohol CNG LPG Methanol Ethanol
West Virginia®" ......... 0.2535 0.2535 0.2535 0.2535 0.2535 0.2535 0.2535
Wisconsin® ............. 0.234 0.234 0.234 0.234 0.234 0.234 0.234
Wyoming ..oovveennnnns 0.09 0.09 0.09 0.09 0.09 0.09 0.09

“Local taxes may be imposed.
lat annual fee for CNG or LPG fueled vehicles; In Louisiana, $187 for motor vehicles and $93.50 for school buses; in Montana,
fee ranges from $108 for passenger cars to $1,806 for trucks 48,000 pounds or more; in Oklahoma, fee ranges from $50-$100 for
motor vehicles; in Alabama, fees range from $75 for light trucks to $175 for tractors.

“Gasoline tax schedule in Connecticut: 38 cents effective 10-1-96; 39 cents effective 1-1-97. .

Rate set periodically by tax officials; indexed in Florida; 9 percent of wholesale price in Kentucky; 19.1 percent of sales price in
Massachusetts, 21 cents minimum; includes 7 percent of wholesale price in North Carolina, add 0.25-cent inspection fee; 13 percent
of wholesale price in Rhode Island, 26 cents minimum; rate set by Wisconsin Department of Revenue.

®Includes sales tax at 6 percent of average retail price as set by Florida Department of Revenue, but not lower than 6.9 cents per
gallon; includes total 4 percent tax (1 percent sales tax and 3 percent gasoline tax) on retail sales price in Georgia; includes sales tax
at 5 percent of minimum average wholesale price as set Department of Tax and Revenue in West Virginia.

Gasoline and diesel fuel taxes are 24.8 cents in Hawaii city, 32.5 cents in Honolulu city, 26 cents in Kauai city, and 29 cents in Maui
city. ‘
:Added taxes in Cook County, lllinois. ,

In lllinois, 24.8 cents per gallon of gasoline for commercial motor vehicles on in-state highways.
Heavy equipment motor carriers, 17.2 cents; more than 59,999 pounds, 19.2 cents; special fuels, 12 cents.
I Mississippi, 14.4 cents per gallon of gasoline, when funding requirements are met.
11 cents gasoline tax in Missouri effective 4-1-2008.
Add 4 cents per gallon of petroleum products gross receipts tax in New Jersey.

™In New Mexico, 16 cents per gallon of gasoline effective as of 7-1-2003 or earlier.

"Motor carriers—composite rate (fuel tax plus sales tax): motor fuel, 15.8 cents; diesel, 16.2 cents; Aggregate rate (fuel tax plus
sales tax plus petroleum business tax): motor fuel, 30.21 cents; diesel, 30.61 cents.

°17 cents per gallon of gasoline effective as of 1-1-98 in North Dakota.

PCommercial motor vehicles, 25 cents per gallon of gasoline in Ohio. In Ohio, State taxes are 15 cents per gallon for commercial
motor vehicles.

9n Vermont, 15 cents per gallon of gasoline will be effective as of 4-1-2001.

“In West Virginia, 20.35 cents per gallon of gasoline will be effective as of 8-1-2001.

Sources: Clean Cities: Guide to Alternative Fuel Vehicle Incentives and Laws, U.S. Department of Energy, November 1995; The
Clean Fuels and Electric Vehicles Report, J.E. Sinor Consultants, Inc., Vol. 8, No. 2, April 1996; Statistical Abstract of the United
States, 1995: The National Data Book, U.S. Department of Commerce, 115th ed., p. 630; State and Local Taxes: All States Tax Guide,
Vol. | and Il (New York, NY: Research Institute of America, 1996), available on the Internet at: hitp:\\www.riatax.com.

the transportation” and off-highway® sectors amounting
to 32 billion gallons in 1994,% U.S. production of bio-oils
at 19.5 billion pounds during the 1994/1995 growing
season® is equivalent to only 2.8 billion gallons of fuel.

Biodiesel Markets

Examples of niche markets being considered are urban
mass transit buses, school buses, agricultural machinery,
squrce, diverting 10 percent of all U.S. cropland dedicated

to raising oil-bearing products could supply the entire
agricultural demand for diesel fuel.# In addition, if transit
buses complying with the 1998 guidelines imposed by the
CAAA90 used a 20-percent blend of biodiesel, 65 million
gallons of soy-based biodiesel® would be used each year,
or roughly 2 percent of total U.S. diesel demand. This
amount is equivalent to the oil from 43 million bushels of
U.S. soybeans. (Other oils, of course, could also be used.)
School bus fleets in 22 “consolidated metropolitan areas,”
are also subject to the CAA A90 deadline in 1998. Because

28 The transportation sector includes on-highway, railroad, and vessel bunkering uses.

¥ The off-highway sector includes construction equipment and other uses, such as logging equipment.

3 Energy Information Administration, Form EIA-821, “Annual Fuel Oil and Kerosene Sales Report,” combined with Federal Highway
Administration statistics of highway special fuels use to estimate on-highway diesel.

31 U.S. Dept of Agriculture, Economic Research Service, Office of Energy and New Uses.

32 CL.Peterson and D. Reece, Department of Agricultural Engineering, University of Idaho, Moscow, ID 83844-2040, Internet address:

// hggp.www.uidaho.edu.bae.biodiesel/ biodie.htm], as of July 1, 1996.

Illinois Soybean Association, Internet address http:/ /www.ag.uiuc.edu/~il-qssh/talking.html.
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Table 16. Comparison of Conventional Diesel and Biodiesel

Source Soybeans® Rapeseed" No. 2 Diesel
Heat of Combustion (Btu/lb.) ........................ 17,650 17,500 19,600
Flashpoint (°F) ...ovevvnniiiinniinnieennennnnans 355 365 176
Pourpoint (°F) «ooriiiiiiiiii e 20 -5 -18
Cloudpoint (°F) . .vvvvriiiiiiieieeiieieininnnnnns 24 30 7
Viscosity (centistokes @ 104°F) ............c.vt.n.. 4.06 6.10 3.51
Sulfur (percentbyweight) .................c e, 0.01 0.0008 ) 0.36

aAnalysis performed by Cleveland Technical Center, North Kansas City, Missouri.

Analysis of biodiesel samples produced from rapeseed and ethanol (known as rape ethyl ester) by Phoenix Chemical Lab, Inc.,
Chicago, lllinois; analyses by Analytical Lab Services and Agricuitural Engineering Analytical Lab, Moscow, Idaho.

Sources: Soybean-based diesel: “6V-92TA DDC Engine Exhaust Emission Tests Using Methyl Ester Soybean Oil/Diesel Fuel
Blends,” by L.G. Schumacher, D. Fossen, W. Goetz, S.C. Borgelt, and W.G. Hires, University of Missouri, Agricultural Engineering
Department, Room 235, Columbia, MO 65211; Rapeseed-based diesel: C.L. Peterson and Daryl Reece, Department of Agricultural
Engineering, University of Idaho, Moscow, |D 83844-2040, Internet address /http.www.uidaho.edu.bae.biodiesel/biodie.htm|, as of
July 1, 1996; Diesel (except Heat of Combustion): “6V-92TA DDC Engine Exhaust Emission Tests Using Methyl Ester Soybean
OilDiesel Fuel Blends,” by L.G. Schumacher, D. Fossen, W. Goetz, S.C. Borgelt, and W.G. Hires, University of Missouri, Agricultural
Engineering Department, Room 235, Columbia, Missouri 65211; Diesel (Heat of Combustion): Energy Information Administration,
Annual Energy Review 1995 , DOE/EIA-0384(95) (Washington, DC 20585). Value shown represents conversion from original units
of million Btus/barrel, based upon heating value for distillate fuel oil. The actual diesel fuel sample used in the comparative study, “6V-
92TA DDC Engine Exhaust Emission Tests Using Methyl Ester Soybean Oil/Diesel Fuel Blends,” had a heating value of 19,652 Btu/lb.

those buses consume about 180 million gallons of fuel per
year, they represent a large potential for biodiesel.

Another factor that could nudge bio-oils into the fuel
market is the health concern regarding many animal and
vegetable oils. Biodiesel from these resources could offer
a high-value alternative market for U.S. oil seed and
tallow producers in the future.

Fuel Cells*.

The Department of Energy is pursuing fuel cells for
transportation applications because they offer the po-
tential to triple the fuel economy of today’s vehicles and
significantly reduce emissions.

What Are Fuel Cells?

Fuel cells are devices that change chemical energy directly
into electrical energy; no combustion is involved. Fuel
cells are an efficient, inherently clean option for gen-
erating electricity and can be fabricated in a wide range of
sizes without sacrificing either efficiency or environ-
mental performance.

How Do Fuel Cells Work?

Fuel cells are simple electrochemical devices with no
moving parts that generate electricity by harnessing the
reaction of hydrogen and oxygen to make water.

Any hydrogen-rich material can serve as a possible fuel
source of hydrogen. These materials include fuels such as
natural gas, petroleum distillates, liquid propane, meth-
anol, and gasified coal. For substances other than hydro-
gen, a fuel processor is required in a fuel cell system.

Unlike batteries or other storage devices, a fuel cell
operates as long as fuel is supplied to it in the presence of
air. Fuel cells are virtually pollution free and operate very
efficiently.

Hydrogen can be made from solar or wind energy. A fuel
cell operating from renewable hydrogen has literally zero
greenhouse gas emissions and would not generate carbon
dioxide emissions.

What Are the Types of Fuel Cells?

Fuel cells are often categorized by the electrolyte used. An
electrolyte is defined as a substance that when disolved in

* Source: U.S. Department of Energy, Office of Propulsion Systems, Fuel Cell Systems Research and Development.
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a specified solvent (usually water), produces an ionically
conducting solution. Five major classes of fuel cells are
generally considered to be mainstream of the technology:

Alkaline Fuel Cells. Used by the U.S. space program and
incorporated into most of the manned space missions,
alkaline fuel cells are reliable and offer high power
outputs in relatively small sizes. Unfortunately, their
potassium hydroxide electrolytes react with even minute
traces of carbon dioxide and eventually render the cell
useless. Extensive cleaning to remove residual carbon
dioxide from the air and fuel is required.

Phosphoric Acid Fuel Cells (PAFC). PAFC's are the
most technologically mature of the terrestrial fuel cells.
The electrolyte tolerates carbon dioxide. The operating
temperatures are above 400 degrees Fahrenheit and
overall fuel-to-electricity efficiencies are about 40 percent
(with cogeneration efficiencies approaching 85 percent).
They are commercially available in sizes that range from
a 24-volt, 250-watt portable unit for small appliances, to
on-site power generators supplying up to 200 kilowatts of
electricity, to a central station power plant in Tokyo that
produces 11 megawatts of electricity. Phosphoric acid
fuel cells, which are well suited for buildings and heavy-
duty transportation applications, are used in the DOE
Urban Transit Bus Program.

Proton Exchange Membrane (PEM) Fuel Cells. Also
known as polymer electrolyte fuel cells, PEM cells operate
at relatively low temperatures (175-200 degrees Fahren-
heit), have high power density, meet shifts in power
demand quickly, and are suited for applications where
quick start-up is required. They are primary candidates
for buildings and light-duty vehicles, and are potentially
suited for much smaller applications.

Molten Carbonate Fuel Cells (MCFC). MCFC'’s use a
lithium and potassium electrolyte, operate at about 1200
degrees Fahrenheit, and have efficiencies of 60 percent
when generating electricity and 80 percent or more when
cogenerating usable heat. This type of fuel cell is appro-
priate for electric utility applications. Capital costs are
expected to be lower than those of phosphoric acid fuel
cells. The first full-scale stacks have been tested, and
demonstration units have begun operation in a California
municipal utility and in a hospital.

Solid Oxide Fuel Cells (SOFC). Still in the research and
development (R&D) stages, SOFC’s use a hard ceramic
material instead of a liquid electrolyte, allowing temper-
atures to approach 1800 degrees Fahrenheit. Efficiencies
are projected to be 60 percent. These fuel cells canbe

configured in tubular, planar, or honeycomb structures.
Their potential for internal fuel processing, high power
density, and low cost makes them candidates for
transportation applications.

Fuel Cells Differ From Internal Combustion
Engines (ICE)

Fuel cells are unhke ICEs turbines, and other heat engines
in three fundamental ways: :

1. Fuel cells produce power without chemical
combustion, and thus are inherently cleaner than
heat engines could ever be.

2. Fuel cells are not subject to the same fundamental
laws of thermodynamics that limit the maximum
efficiency of turbines and ICEs. Fuel cell effi-
ciency is twice as high as current heat engine
efficiencies.

3. Fuel cells have no moving parts, and therefore, are
more quiet, have greater reliability, and require
less maintenance than the high-speed rotating or
reciprocating parts of ICEs and turbines.

Development Needs for Fuel Cells in
Transportation

The constraints in using fuel cells jn transportation
applications are con51derab1y differeht and more de-
manding than for those used in stationary applications.
The volume and weight of current fuel cell designs
preclude their use in many applications, particularly light-
duty vehicles. Thus, the power density of fuel cells (power
output per unit volume or weight) needs improvement.
To achieve this result, fuel cell systems designed for use in
vehicles need development in the areas of the fuel
processor, the fuel cell stack, and the integration of the
balance-of-plant components into a complete system.

DOE’s hole in Developing Fuel Cells for
Transportation

The fuel cells for transportation program began in fiscal
year 1987 with development of three prototype PAFC
buses. In 1990, development of PEM fuel cell technology
began because it offers higher power density than most
other fuel cell technologies. This ongoing light-duty
vehidle program is based on the onboard reforming of
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methanol® In 1994, a parallel effort was initiated to
develop the PEM fuel cell system with onboard hydrogen
storage. Using their own vehicle design, data, and analysis
methods, the three major U.S. automakers are each
pursuing different technical approaches under cost-
shared research projects with DOE. In the last 5 years,
significant accomplishments in the fuel cell stack have
been made in increasing power density and decreasing
platinum loadings and costs. DOE has also developed
multifuel reforming technology that will enable the use of
existing petroleum-based fuels as well as alternative fuels
(like methanol, ethanol, and natural gas). The current
DOE program emphasizes development of advanced
PEM fuel cell stacks, fuel processors, and other system
components, as well as core research in electrodes,
membranes, and catalysts. Government and industry
have agreed to form an alliance between the domestic
automakers, fuel cell suppliers, national laboratories, and

universities to conduct the necessary precompetitive
Research and Development in a cooperative manner.

Alternative Fuel Refueling Sites

Increasing the availability and convenience of alternative
fuel refueling facilities is a key element in the expansion
of alternative fuel use. Table 17 shows the distribution of
refueling sites across the United States.

Data on the locations of refueling sites for CNG, M85, E85,
and LPG, including detailed information about the sites,
are maintained by the Alternative Fuels Data Center.
Information and maps are available on the World Wide
Web at http://www.afdc.doe.gov. For additional re-
fueling site information, contact the National Alternative
Fuels Hotline at 1-800-423-1DOE.

% Pure hydrogen can be stored in the vehicle for use in fuel cells, or hydrogen can be produced by reforming a simple hydrocarbon fuel

stored in the vehicle.
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Table 17. Alternative Fuel Refueling Sites by State and Fuel Type

Liquefied
Compressed Petroleum Liquefied
Methano! | Natural Gas| Ethanol Gas Natural Gas

State (M85) (CNG) {E85) (LPG) Electricity (LNG) Total
Alabama............. 17 85 102
Alaska ...........vt. 8 8
Arizona.............. 1 21 45 67
Arkansas ............ 8 104 112
California ............ 58 140 214 34 446
Colorado ............ 2 43 48 93
Connecticut .......... 11 19 30
Delaware ............ 6 6 12
Dist. of Columbia ...... 1 8 1 10
Florida .........c.on. 3 55 222 280
Georgia ......ccc0nns o] 62 80 142
Idaho ...veviiiininns 7 20 27
Minois vooevenenennnn. 2 25 . 10 163 200
Indiana .....coevuvnns 39 1 124 164
IoWa vovveveennnnnnns 5 6 108 119
Kansas ......oecvvuns 19 2 38 59
Kentucky ............ 9 35 44
Louisiana ............ 17 44 1 62
Maine .....covevunnen 12 12
Maryland ............ 2 28 21 1 52
Massachusetts ....... 17 41 58
Michigan............. 2 36 1 182 221
Minnesota ........... 17 5 125 147
Mississippi ........... 75 75
Missourf ......convnen 11 1 83 95
Montana ............. 11 48 59
Nebraska ............ 10 5 47 62
Nevada.............. 10 20 30
New Hampshire ....... 1 31 32
New dJersey .......... 24 36 60
New Mexico .......... 19 46 65
NewYork ............ 7 55 100 162
North Carolina ........ 10 72 82
North Dakota ......... 5 17 22
(0] 111« T 2 65 98 165
Oklahoma ........... 48 56 104
Oregon ......cocevnnn 9 21 30
Pennsylvania ......... 1 52 133 186
Rhode Island ......... 4 5 9
South Carolina ........ 3 43 46
South Dakota ......... 5 7 24 36
Tennessee ........... 2 6 80 88
Texas .coeevvernennns 87 202 289
Utah ......coveenene. 63 20 83
Vermont .......co0nns 1 33 34
Virginia ..oooveiieennn 31 39 70
Washington .......... 2 30 37 69
West Virginia ......... 1 , 42 16 59
Wisconsin ........... 27 2 139 168
Wyoming ............ 20 33 53
Total .............. 86 1,239 41 3,298 34 2 4,700

Source: National Renewable Energy Laboratory, Alternative Fuels Data Center Database (Extracted October 17, 1996).
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Appendix A

Estimation Methods and Data Quality

Estimation methods and data quality issues for alterna-
tive-fueled vehicle (AFV) inventories (Chapter 2) and
alternative and replacement fuel consumption (Chapter 3)
are presented in this appendix. For the most part, data for
1992 through 1994 are from Alternatives to Traditional
Transportation Fuels 1993 and Alternatives to Traditional
Transportation Fuels 1994-Volume 1. Any revisions to those
data are explained below. No substantial changes in
methodology have been introduced in Alfernatives to
Traditional Transportation Fuels 1995, which focuses on
historical data for 1995 and projected or planned data for
1997.

Alternative-Fueled-Vehicle Inventory

The methods employed to estimate the number of AFV'’s
in use (AFV inventories) vary by vehicle ownership
category (Federal Government, State and local govern-
ment, and private) and by fuel type.

Federal

The number of Federal AFV’s in use in 1995 and 1996 was
estimated from vehicle acquisition data compiled by the
U.S. Department of Energy’s (DOE's) Office of Energy
Efficiency and Renewable Energy. Those data were based
on Federal agency counts of AFV’s purchased or
converted and AFV’s planned to be purchased or
converted. The acquisition data were adjusted to account
for retirements of AFV’s. Estimates of retirements were
based on information from the U.S. General Services
Administration (GSA). The geographic and weight class
distributions of Federal AFV’s were obtained separately
through contacts with the Federal agencies that operate
AFV's,

Federal AFV inventory estimates for 1997 were based on
estimated acquisitions needed to meet the requirements of
the Energy Policy Act of 1992 (EPACT), which calls for
one-third of the Federal light-duty vehicles purchased in
fiscal year 1997 tobe AFV's. Light-duty vehicle purchases
were projected by GSA.

Ina few cases, the estimated number of Federal AFV’s in
use prior to 1995 were revised. The revision was made
because new information was obtained about the years in
which vehicles were acquired. The revision primarily
affected electric vehicle counts.

State and Local Government Fleets and
Privately Owned AFV’s

Liquefied Petroleum Gas (LPG) Vehicles. The U.S. total
of LPG vehicles in use is estimated from State-level data.
The motor vehicle departments or fuel tax offices of all 50
States were contacted for data on LPG vehicles or on all
AFV’s. Sixteen States reported data on AFV’s or LPG
vehidles that were deemed reasonably accurate.® If States
reported total AFV’s only, LPG vehicles were estimated by
subtracting estimated vehicle counts for compressed
natural gas vehicles, alcohol-fueled vehicles and electric
vehicles from the total AFV counts. For the 34 States
without reasonably accurate data, the numbers of LPG
vehicles in use were imputed. To impute the vehicle
counts, an estimate of average fuel consumption (gallons
of LPG per vehicle) was calculated for the 16 enumerable
States using estimates of LPG consumption in onroad
transportation engines, as reported in the State Energy
Data Report 1994 A State’s total LPG consumption was
then divided by the implied average consumption per
vehicle to estimate the minimum number of LPG vehicles

% These States are Alabama, Arkansas, Colorado, Iowa, Kentucky, Minnesota, Mississippi, Missouri, Montana, Nebraska, New Hampshire, New

Mexico, Oklahoma, Texas, Vermont, and Washington.

% Energy Information Administration, State Energy Data Report 1994, DOE/ EIA-0214(94)(Washington, DC, July 1996).
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in the State®® The national LPG vehicle inventory is
therefore the aggregation of reasonably accurate vehicle
counts in 16 States and imputed minimum vehicle counts
in 34 States.

As indicated above, reasonably accurate government or
private sources of data on the number of onroad LPG
vehicles exists for about one-third of the States. The most
accurate estimates are from States that combine a
mandatory fuel use decal program with a rigorously
enforced annual inspection and registration program. A
comprehensive review of the 50 States and the District of
Columbia suggests that no more than 4 States (dropping
to 3 States starting in mid-1995) are in this category. Even
in these four States, adjustments are necessary for non-
LPG alternative fueled vehicles, especially natural-gas-
fueled vehicles.

An additional 10 states have either a decal program that
is nominally optional but effectively preferable to paying
fuel taxes at the pump or a mandatory decal program but
lax or nonexistent annual vehicle inspections. Reasonable
estimates of the minimum number of vehicles are
available in these 10 States. However, many of these States
acknowledge that underreporting and misreporting is
common among vehicles converted to LPG, and fuel use
identification for vehicle registration (either new or
converted) is routinely ignored by end-users and State
governments.

Two other States have credible estimates of vehicle counts
based on data from the State propane gas association, the
State department of transportation, or some combination
of sources.

It is worth noting that the States for which credible vehicle
counts can be estimated change from year to year because
several States during the past few years have either
introduced or discontinued decal programs or annual
inspection and registration requirements.

Itis also important to note that the quality of data on LPG
usage as an onroad engine fuel varies from State to State.
States with pump-based fuel taxes tend to have more
accurate estimates than States with decals in lieu of pump-
based taxes. On the other hand, States with lax or
nonexistent annual inspection programs tend to have
more misreporting of fuel use regardless of decals or
pump-based taxes. The implied usage of fuel per vehicle
per year varies widely (by more than a factor of 5) from
State to State. Other data on sales of tanks for use in road

vehicles confirm the inconsistencies (on average) for
reported fuel usage and vehicle counts.

Data limitations also create uncertainty in identifying the
weight and ownership dlassifications of vehicles. Only a
few States can supply unambiguous decal counts by

~ weight class. No two States use the same definition of

weight classes. For the States with detailed vehicle counts
by weight class, the percentage represented by heavy-
duty vehicles varies by at least a factor of three. States
with a strong LPG vehicle infrastructure have much
higher percentages of light-duty vehicles than those
where LPG is used mostly for non-vehicular applications.
Similar variations exist for the ownership by State and
local governments and private entities. The estimated
fractions used in this report (20-percent heavy-duty and
20-percent State and local) are approximate figures drawn
from a limited sample of widely divergent State inputs.
The ownership percentages, however, are believed to
more accurately reflect the distributions than percentages
estimated in previous years. For that reason, data for 1992
to 1994 have been revised with this report. '

Although very careful enumeration and imputation
generates a fleet count of roughly 259,000 in 1995, the
actual count could be as high as 300,000 to 350,000. The
known data limitations, the inconsistencies between tank
sales and decal sales, and the widespread acknowl-
edgment of misreporting and underreporting of vehicles
and fuels imply that the values reported in this document

are minimum values.

Compressed Natural Gas (CNG) Vehicles. Estimates of
the number of CNG vehicles in use as of the end of 1995
and expected to be in use in 1996 and 1997 were derived
from a private, independent survey of natural gas sup-
pliers and owners of CNG refueling stations conducted in
1996. This survey updates similar surveys conducted in
1993, 1994, and 1995. Respondents reported the number
of vehicles served in their service areas (by vehicle type
and ownership) as of the end of the calendar year. Data
were collected by ownership dlass, including utility,
private, and government (State-owned, local government-
owned, and federally owned).

Overall, the quality of CNG vehicle data is slightly lower
than in past years. The 1996 survey had a response rate of
about 92 percent compared to almost 100 percent in 1995.
Several of the largest fuel suppliers either did not report
data or reported the data in a manner that required

3 The estimated average LPG consumption per vehicle per year is significantly higher than average fuel consumption for gasoline vehicles. A higher
percentage of LPG vehicles are heavy-duty vehicles. Undercounting of LPG vehicles may also be responsible for the difference.
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imputation of a part of the data. In most cases, impu-
tations were based on previous year’s responses. There
were also some inconsistencies in reporting caused by
differences in recordkeeping among the respondents.
Variability within the industry has increased dramatically
over the past year due to a number of factors, and most of
the growth in CNG vehicle use now appears to be
occurring at the utilities with the largest fleets. A fair
number of utilities were sufficiently uncertain of their
near-term outlook that they omitted forecasts.

Liquefied Natural Gas (LNG) Vehicles. Estimates of the
number of LNG vehicles are based on reported or planned
purchases of LNG transit buses and other vehicles. Data
were obtained from fuel suppliers, transit bus fleets, and
other fleet operators. Fleet operators were identified from
industry literature and other contacts.

The LNG-fueled vehicle data are reasonably accurate;
ownership is concentrated at transit bus companies and a
few truck operations, so data collection consists primarily
of identifying all LNG users. The local natural gas
companies are not sufficient sources for LNG information
because they do not necessarily supply the LNG. The
numbers reported are believed accurate with a margin of
error between 3 percent and 5 percent.

Alcohol-fueled Vehicles. Vehicle counts for each State
Wwere obtained from State energy offices (or their equiva-
lents) and, to a lesser extent, transportation departments,
corn growers associations (ethanol only), fuel supply
companies, vehicle demonstration programs, and manu-
facturers and converters of vehicles and engines.

Because almost all methanol vehicles are operated in -

California, an accurate enumeration in that State would
virtually ensure an accurate national count. California
methanol vehicle counts were obtained principally from
the California Energy Commission (CEC). Starting in
1995, CEC data are based on vehicle sales by model year.
It is unclear how the CEC adjusts these data for retire-
ments and reconversions. The CEC counts were adjusted
to account for the phase-out of M100 buses by the Los
Angeles County Metropolitan Transit Authority. Counts
of methanol-fueled vehicles for all other States are
considered fairly accurate because they are based on
State-by-State enumerations of relatively small vehicle

" fleets.

Ethanol-fueled vehicle data are reliable. The national total
is based on an enumeration from individual State
government agencies, corn growers associations, fuel
suppliers, and, to a lesser extent, vehicle manufacturers.
The number and size of ethanol-fueled vehicle fleets are

small. Therefore, vehicles can be easily tracked by State
offices and private associations.

Electricity. Data from States with appreciable numbers of
electric vehicles were collected from telephone contacts
with State energy, transportation, or conservation offices;
national electric vehicle associations (the Electric Auto-
mobile Association’s State and local chapters and the
Electric Transit Vehicle Institute); and electric utilities.
Original equipment fanufacturers and converters were
also contacted. Independent surveys by the Electric
Vehicle Association of the Americas and the Electric
Transit Vehicle Institute, were the principal sources used
to disaggregate total vehicle counts by vehicle type.

Some degree of uncertainty is associated with the electric
vehicle data. Uncertainty is caused by differences in the
definitions of an onroad electric vehicle, by the relatively
large percentage of electric vehicles that do not operate
the same way as conventional vehicles, and by possible
incentives for vehicle associations to inflate estimates.
Some of this uncertainty has been removed by slightly
restricting the definition of electric vehicles. For example,
prototypes, large golf carts, school-based kit vehicles,
unconfirmed hobbyist vehicles, and nonhighway vehicles
were excluded from the electric vehicle definition. Electric
vehicle counts for 1992 to 1994 have been revised to reflect
these definitional changes.

Alternative Fuel Consumption

Alternative fuel consumption was calculated using the
following four basic inputs:

1. Alternative-Fueled Vehicle Inventories: By vehicle fuel
(e.g., M85, M100, E85), ownership (i.e., private, State
and local government, Federal Government), and
classification (e.g., autos, light-duty trucks, heavy-
duty trucks, school buses, and transit buses).

2. Conventional Vehicle Miles Traveled (VMT): In miles
per year, by vehicle ownership and classification.

3. Miles-per-Gallon (MPG) on Conventional Fuel: For
gasoline or diesel, by vehicle classification.

4. Thousands of Btu (kBtu) per Native Unit of Fuel: By
neat (i.e., pure) replacement fuel. The native units
used are gallons (M85, M100, E85, E95, LPG, and
LNG), therms (CNG), and kWh (electricity).

The following is a description of the seven-step approach
to estimate total annual fuel consumption.
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1. Alternative-Fueled Vehicles
Categorization

Alternative-fueled vehicles in a given year were cate-
gorized according to vehicle classification (auto, light-
duty truck, heavy-duty truck, school bus, and transit bus);
fuel (M85, M100, E85, E95, LPG, CNG, LNG, and
electricity); and ownership (privately owned and govern-
ment owned).

2. Vehicle Miles Traveled (VMT) by
Alternative-Fueled Vehicle
Classification and Fleet Type

The annual VMT values known from conventional fleets
were assigned to each vehicle classification. Light-duty
vehicles were segmented further into three broad fleet
types: rental and service vehicles, private passenger and
car pool vehicles, and government pool vehicles. Heavy-
duty trucks as defined by EPACT were segmented into
medium- and heavy-duty categories. The conventional
fleet characteristics used in the estimation process are
listed in Table Al.

3. Adjustments to Alternative-Fueled
Vehicle Annual Vehicle Miles Traveled

The annual VMT values of conventional vehicles shown
in Table Al were revised downward to reflect the less
intensive use of AFV’s when compared to conventional
vehicles. Average VMT is lower for AFV’s than for con-
ventional vehicles due to differences in vehicle classifi-
cation and issues of choice. Conventional light-duty fleet
vehicles are typically rental cars and high-usage service

Table A1. Typical Conventional Vehicle Characteristics

vehicles, whereas AFV light-duty fleet vehicles are
typically government pool vehicles and relatively low-
usage service vehicles. Factors that reduce AFV utilization
relative to conventional vehicles include the following:

e More frequent refueling because of lower heat con-
tent of alternative fuels

e Range restrictions because of limited fuel availa-
bility

e Higher maintenance needs and increased incidence
of mechanical failures

e Operator perceptions (when choice is available, fleet
and vehicle operators may drive conventional
vehicles more often than AFV’s because of their
perceptions of safety, cost, environmental impact,
vehicle performance, and refueling ease, regardless
of whether these perceptions are correct).

4. Alternative Fuel Consumption
Adjustments

As defined in EPACT, alternative transportation fuels
(ATF’s) may be in either a neat form (e.g.,, pure CNG,
LNG, LPG, M100, or electricity), or in a blend (e.g., M85,
E85, E95). In the latter case, consumption of ATF’s
includes both the replacement (i, alcohol) and
conventional fuel components.

For several AFV types, the effective total fuel cycle of ATF
consumption per mile of travel is higher than commonly
thought. Consumption of ATF’s is almost always
estimated by assuming that Btu-equivalent amounts of

Vehicle Weight Annual Vehicle Miles
Vehicle Classification/Fleet Type {pounds) Traveled Miles per Gallon
Automobile/Private Rental and Service .......... 0-8,500 24,600 24
Automobile/Passenger Vehicles and Car Pools ... 0-8,500 12,000 24
Automobile/Government Pool .........ceivenn 0-8,500 8,000 24
Light-Duty TrucK . ..vvvvvvnniinnnniaiannnnnss 0-8,500 16,400 16
Medium-Duty Truck . ...oivvvvnennieceennnn, 8,501-14,000 16,400 8
Heavy-Duty TrUCK .....vvvvirnnnnnrecannnanes 14,001-26,000 16,400 6
SChOOIBUS ..o vvivreesrrassrsnasnnasasacasns All 8,000 8
TransitBuS ..o ovvieirivseraniereereanasnnans All 33,200 4

Source: Science Applications International Corporation, “Alternative Transportation Fuels and Vehicles Data Development,”
unpublished final report prepared for the Energy Information Administration (McLean, VA, July 1986).
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ATF and traditional fuel produce the same VMT.* This
assumption is not strictly accurate because of venting of
fuel vapor during refueling and maintenance, leakage of
gaseous fuels from fuel lines and storage cylinders, engine
efficiency differences, and vehicle weight differences.
Although natural gas utilities, transit bus facilities, fleet
owners, and related industry members are not generally
able to isolate and quantify these factors, the net effect is
lower miles per Btu for most AFV’s than for conventional
vehicles.

The efficiencies in miles per gallon of gasoline were
determined for all vehicle categories. These values were
adjusted to account for higher effective fuel consumption
for LNG-, CNG-, and electricity-fueled vehicles. For these
AFV’s, the miles per Btu ratio was lowered by decreasing
the nominal heating values per native unit of fuel (Table
A2).

Table A2. Original and Adjusted Lower Heating Values of Conventional and Replacement Fuels

(Thousand Btu per Native Unit of Fuel)

Original Heating Value Adjusted Heating Value
per Native Unit of Fuel® Added Fuel Loss per Native Unit of Fuel
Fuel Type {thousand Btu) (percent) {thousand Btu)

Methanol ...........ccevviianan.. 57.00/Gallon 0.01 57.00/Gallon
Ethanol ............ccvvvnnn.... 76.00/Gallon 0.01 76.00/Gallon
Liquefied Petroleum Gases (LPG) ..... 84.00/Gallon 0.00 84.00/Gallon
Compressed Natural Gas (CNG) ...... 93.00/Therm 0.50 92.54/Therm
Electricity .........covvvvvvnnnn.... 3.41/kWh 2.00 3.34/kWh
Liquefied Natural Gas (LNG) ......... 68.00/Gallon 2.00 66.64/Gallon
Diesel .ooovvvvverininninninnn... 128.00/Gallon 0.00 128.00/Gallon
Gasoline.......ooevvevvvvnnnnnnns. 115.00/Gallon 0.00 115.00/Gallon
*Lower heating value.

Source: Science Applications International Corporation, emissions mode! prepared for the Energy Information Administration,

(McLean, VA, updated 1994).

5. Vehicle Miles Traveled and Fuel
Consumption Adjustments for Bi-,
Dual- and Flexible-Fuel Vehicles

Dedicated vehicles were assumed to be fueled exclusively
by replacement fuels; therefore, no adjustment was
necessary. However, bi-, dual~, and flexible-fuel AFV’s
consume proportions of replacement and traditional fuels
that may be significantly different from the nominal
proportions in blended fuels. Flexible-fuel vehicles using
M85, for example, do not necessarily consume 85-percent
methanol and 15-percent gasoline. To obtain the net
amount of alternative fuel used by bi-, dual-, and flexible-
fuel vehicles, their VMT values were divided by their
adjusted consumption proportions of alternative versus
traditional fuels. These proportions are a function of the
following:

® Replacement Fuel Availability: The percentage of
traditional fuel used because no replacement fuel is
available at the time of refueling

® Operator's Fuel Choice: The percentage use of
replacement fuel that results from the vehicle
operator’s fuel choice when available. Choice is
affected by perceptions of safety, cost, environ-
mental impact, vehicle performance, and refueling
ease, and by familiarity with the fuel.

These adjustments can be expressed as follows:

VMT o 100% alternative fuel = (fuel availability) x (fuel
choice) .

6. Conversion to Replacement and
Alternative Fuel Consumption in Native
Units

The net adjusted annual VMT for 100-percent alternative
fuel use were then divided by miles per unit of alternative
fuel. The result was alternative fuel consumption by
AFV's,

% A notable exception is in Argonne National Laboratory, Center for Transportation Research, Emissions of Greenhouse Gases from the Use of
Transportation Fuels and Electricity, ANL/ESD/TM-22, prepared by Dr. Mark Delucchi, Vol. 1 (Argonne, IL, November 1991) and Vol. 2 (Argonne IL,

November 1993), which provides miles-per-Btu adjustment factors for AFV’s.

Energy Information Administration/ Alternatives to Traditional Transportation Fuels 1995 47

-




7. Conversion to Gasoline-Equivalent
Gallons

Fuel consumption in terms of gasoline-equivalent gallons
was computed by dividing the lower heating value of the
alternative fuel by the lower heating value of gasoline and
multiplying this result by the alternative fuel con-
sumption value (from step 6).

Oxygenate Consumption

The consumption of ethanol and MTBE from 1992 through
the first quarter of 1996 was estimated from production,

net imports, and stock change data obtained from
Petroleum Supply Monthly (DOE/EIA-0109). Petroleum
Supply Monthly compiles data from the Monthly Petro-
leum Supply Reporting System, a series of surveys that
collect data from refiners, importers, and transporters of
crude oil and petroleum products. Oxygenate data are
also collected on the Form EIA-819M, “Monthly
Oxygenate Telephone Report.” Oxygenate consumption
is calculated as production plus net imports less stock
change. For the remainder of 1996 and for 1997,
consumption is derived from unpublished data prepared
in support of the Short Term Energy Outlook, Third Quarter
1996, DOE/EIA-0202(96/3Q).
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Appendix B

U.S. Census Region Map

Figure B1. U.S. Census Region Map

NORTHEAST
MIDWEST

Source: U.S. Department of Commerce, Bureau of the Census
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Appendix C

Alternative-Fueled
Vehicle Suppliers
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Glossary

Aftermarket Conversion: A standard, conventionally
fueled, factory-produced vehicle to which equipment has
been added that enables the vehicle to operate on an
alternative fuel.

Alcohols (CH;~(CH,),-OH): The family name of a group
of organic chemical compounds composed of carbon,
hydrogen, and oxygen. The series of molecules vary in
chain length and are composed of a hydrocarbon, plus a
hydroxyl group (for example, methanol, ethanol, and
tertiary butyl alcohol).

Aldehydes: One of several families of compounds formed
as products of incomplete combustion in engines using
gasoline, methanol, ethanol, propane, or natural gas as
~ fuels, As a general rule of thumb, the presence of
methanol or methyl ethers in the fuel will lead to
formaldehyde as the primary aldehyde in the exhaust,
while ethanol or ethyl ethers will lead to acetaldehyde as
the primary aldehyde in the exhaust. In both cases, other
aldehydes are present, but in much smaller quantities.
Formaldehyde and acetaldehyde are toxic and possibly
carcinogenic.

Alternative Fuel: As defined pursuant to the EPACT,
methanol, denatured ethanol, and other alcohols,
* separately or in mixtures of 85 percent by volume or more
(or other percentage not less than 70 as determined by
DOE rule) with gasoline or other fuels, CNG, LNG, LPG,
hydrogen, coal-derived liquid fuels, fuels other than
alcohols derived from biological materials, electricity, or
any other fuel determined to be substantially not
petroleum and yielding substantial energy security
benefits and substantial environmental benefits.

Alternative-Fueled Vehicle (AFV): A vehicle either
designed and manufactured by an original equipment
manufacturer or a converted vehicle designed to operate
in either dual-fuel, flexible-fuel, or dedicated modes on
fuels other than gasoline or diesel. This does not include
a conventional vehicle that is limited to operation on
blended or reformulated gasoline fuels.

Alternative-Fueled Vehicle Converter: An organization
(including companies, government agencies, and utilities),
or an individual who performs conversions involving

alternative fueled vehicles. An AFV converter can convert
(1) conventionally fueled vehicles to AFV's, (2) AFV's to
conventionally fueled vehicles, or (3) AFV's to another
alternative fuel.

Barrel: A volumetric unit of measure for crude oil and
petroleum products equivalent to 42 U.S. gallons.

Bi-Fuel Vehicle: A vehicle with two separate fuel systems
designed to run on either an alternative fuel or
conventional fuel using only one fuel at a time.

Biodiesel: Any liquid biofuel suitable as a diesel fuel
substitute or diesel fuel additive or extender. A diesel
substitute made from transesterification of oils of
vegetables such as soybeans, rapeseed, or sunflowers (end
product known as methyl ester) or from animal tallow
(end product known as methyl tallowate). Biodiesel can
also be made by transesterification of hydrocarbons
produced by the Fisher-Tropsch process from agricultural
byproducts such as rice hulls.

British Thermal Unit (Btu): A standard unit for
measuring the quantity of heat energy equal to the
quantity of heat required to raise the temperature of 1
pound of water by 1 degree Fahrenheit.

California Air Resources Board (CARB): A State
regulatory agency charged with regulating the air quality
in California. Air quality regulations established by the
Board and often stricter than those set by the Federal
Government.

Carbon Cycle: All reservoirs and fluxes of carbon; usually
thought of as a series of the four main reservoirs of carbon
interconnected by pathways of exchange. The four
reservoirs, regions of the Earth in which carbon behaves
in a systematic manner, are the atmosphere, terrestrial
biosphere (usually includes freshwater systems), oceans,
and sediments (includes fossil fuels). Each of these global
reservoirs may be subdivided into smaller pools ranging
in size from individual communities or ecosystems to the
total of all living organisms (biota). Carbon exchanges
from reservoir to reservoir by various chemical, physical,
geological, and biological processes.
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Carbon Dioxide (CO,): A colorless, odorless, non-
poisonous gas that is a normal part of the ambjent air.
Carbon dioxide is a product of fossil fuel combustion.
Although CO, does not directly impair human health, it is
a greenhouse gas that traps the earth's heat and con-
tributes to the potential for global warming.

Carbon Monoxide (CO): A colorless, odorless gas slightly
lighter than air. It is poisonous if inhaled, in that it
combines with blood hemoglobin to prevent. oxygen
transfer. It is produced by the incomplete combustion of
fossil fuels with a limited oxygen supply (as in auto-
mobiles). It is a major component of urban air pollution,
which can be reduced by the blending of an oxygen-
bearing compound such as alcohols and ethers into
hydrocarbon fuels.

Chlorofluorocarbons (CFC's): A family of inert, nontoxic,
and easily liquified chemicals used in refrigeration, air
conditioning, packaging, and insulation, or as solvents or
aerosol propellants. Because they are not destroyed in the
lower atmosphere, they drift into the upper atmosphere
where their chlorine components destroy ozone.

Clean Alternative Fuel: Any fuel (including methanol,
ethanol, or other alcohols (including any mixture thereof
containing 85 percent or more by volume of such alcohol
with gasoline or other fuels), reformulated gasoline,
diesel, natural gas, liquefied petroleum gases, and
hydrogen) or power source (including electricity) used in
a clean fuel vehicle that complies with the standards and
requirements of the Clean Air Act Amendments of 1990.

Compressed Natural Gas (CNG): Natural gas com-
pressed to a volume and density that is practical as a
portable fuel supply (even when compressed, natural gas
is not a liquid).

Carbon Monoxide Nonattainment Area: Areas with
carbon monoxide design values of 9.5 parts per million or
more (generally based on data for 1988 and 1989).

Converted Vehicle: A vehicle originally designed to
operate on gasoline that has been modified or altered to
operate on an alternative fuel.

Criteria Pollutant: A pollutant determined to be
hazardous to human health and regulated under the
Environmental Protection Agency's National Ambient Air
Quality Standards. The 1970 amendments to the Clean Air
Act require the Environmental Protection Agency to
describe the health and welfare impacts of a pollutant as
the criteria for inclusion in the regulatory regime. -

Dedicated Vehicle: A vehicle designed to operate solely
on one alternative fuel.

Diesel Fuel: A complex mixture of hydrocarbons with
a boiling range between approximately 350 and 650
degrees Fahrenheit. Diesel fuel (simply referred to as
“diesel”) is composed primarily of paraffins and
naphthenic compounds that auto-ignite from the heat of
compression in a diesel engine. Diesel is used mainly by
heavy-duty troad vehicles, construction equipment,
locomoétives, and by marine and stationary engines.

Dual-Fuel Vehicle: A vehicle designed to operate on a
combination of alternative fuel, such as CNG or LPG, and
conventional fuel, such as gasoline or diesel. These
vehicles have two separate fuel systems which inject both
fuels simultaneously into the engine combustion chamber.

E85: A fuel containing a mixture of 85 percent ethanol and
15 percent gasoline.

E95: A fuel containing a mixture of 95 percent ethanol and
5 percent gasoline. ‘

Energy Efficiency: The inverse of energy intensiveness:
the ratio of energy outputs from a process to the energy
inputs (for example, miles traveled per gallon of fuel).

Environmental Protection Agency (EPA): A government
agency, established in 1970. Its responsibilities include
the regulation of fuels and fuel additives.

Ethyl Tertiary Butyl Ether (ETBE), (CH;) COCH A
colorless, flammable, oxygenated hydrocarbon blend
stock formed by the catalytic etherification of isobutylene
with ethanol. '

Ethanol (C,H,0H): Otherwise known as ethyl alcohol,
alcohol, or grain-spirit. A clear, colorless, flammable
oxygenated hydrocarbon with a boiling point of 78.5
degrees Celsius in the anhydrous state. However, it forms
a binary azeotrope with water, with a boiling point of
78.15 degrees Celsius at a composition of 95.57 percent by
weight ethanol. It is used in the United States as a gasoline
octane enhancer and oxygenate (10 percent concen-
tration). Ethanol can also be used in high concentrations
in vehicles optimized for its use. ,

Ether: The family name applied to a group of organic
chemical compounds composed of carbon, hydrogen, and
oxygen, and which are characterized by an oxygen atom
attached to two carbon atoms (for example, methyl
tertiary butyl ether). ‘
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Flexible-Fuel Vehicle: A vehicle with the ability to
operate on alternative fuels (such as M85 or E85), 100
percent traditional fuels, or a mixture of alternative fuel
and traditional fuels.

Global Warming: The theoretical escalation of global
temperatures caused by the greenhouse effect.

Greenhouse Effect: A popular term used to describe the
roles of water vapor, carbon dioxide, and other trace gases
in keeping the Earth's surface warmer than it would be
otherwise. These radiatively active gases are relatively
transparent to incoming shortwave radiation, but are
relatively opaque to outgoing long wave radiation. The
latter radiation, which would otherwise escape to space,
is trapped by these gases within the lower levels of the
atmosphere. The subsequent reradiation of some of the
energy back to the Earth maintains the surface at
temperatures higher than they would be if the gases were
absent.

Greenhouse Gases: Those gases, such as water vapor,
carbon dioxide, tropospheric ozone, nitrous oxide, and
methane, that are transparent to solar radiation but
opaque to long wave radiation. Their action is similar to
that of increased humidity in a greenhouse.

Gross Vehicle Weight Rating: The weight of the empty
vehicle plus the maximum anticipated load weight.

Heavy Duty Vehicles: Pursuant to the EPACT, trucks and
buses having a gross vehicle weight rating of 8,500
pounds or more.

Hydrogen (H,): The lightest of all gases, the element
(hydrogen) occurs chiefly in combination with oxygen in
water. It also exists in acids, bases, alcohols, petroleum,
and other hydrocarbons.

Light Duty Vehicles: Automobiles and trucks having a
gross vehicle weight rating of less than 8,500 pounds.

Liquefied Natural Gas (LNG): Natural gas that has been
refrigerated to temperatures at which it exists in a liquid
state,

Liquefied Petroleum Gases (LPG): Propane, propylene,
normal butane, butylene, isobutane, and isobutylene
produced at refineries or natural gas processing plants
(includes plants that fractionate raw natural gas plant
liquids).

Lower Heating Value (LHV): The Btu content per unit of
fuel excluding the heat from the condensation of water
vapor in the fuel.

MB85A fuel containing a mixture of 85 percent methanol
and 15 percent gasoline.

M100: 100 percent (neat) methanol.

Methane (CH)): The simplest of the hydrocarbons and the
chief constituent of natural gas. Methane, a gas at normal

temperatures and pressures, boils at -263 degrees
Fahrenheit.

Methanol (CH,OH): A colorless liquid with essentially no
odor and very little taste. The simplest alcohol, it boils at
64.7 degrees Celsius. It is miscible with water and most
organic liquids (including gasoline) and is extremely
flammable, burning with a nearly invisible blue flame.
Methanol is produced commercially by the catalyzed
reaction of hydrogen and carbon monoxide. It was
formerly derived from the destructive distillation of wood,
which caused it to be known as wood alcohol.

Methyl Tertiary Butyl Ether (MTBE), (CH,),COCH,: A
colorless, flammable, liquid oxygenated hydrocarbon that
contains 18.15 percent oxygen and has a boiling point of
55.2 degrees Celsius. It is a fuel oxygenate produced by
reacting methanol with isobutylene.

Midwest Census Region: This U.S. Census Bureau region
includes the following States: Illinois, Indiana, Iowa,
Kansas, Michigan, Minnesota, Missouri, Nebraska, North
Dakota, Ohio, South Dakota, and Wisconsin.

Mcf: Million cubic feet.

Motor Gasoline Blending of Oxygenates: Blending of
gasoline and oxygenates under the Environmental
Protection Agency's “Substantially Similar” Interpretive
Rule (56 FR [February 11, 1991]).

Natural Gas: A mixture of hydrocarbon compounds and
small quantities of various nonhydrocarbons existing in
the gaseous phase or in solution with crude oil in natural
underground reservoirs at reservoir conditions. The
primary constituent compound is CH,. Gas coming from
wells also can contain significant amounts of ethane,
propane, butanes, and pentanes, and widely varying
amounts of carbon dioxide and nitrogen. Pipeline-quality
natural gas has had most, but not all natural gas liquids
and other contaminants removed. On board a vehicle, it is
stored under high pressure at 2,500 to 3,600 pounds per
square inch (psi). A gallon of natural gas at 2,000 psi
contains about 20,000 Btu; at 3,600 psi, a gallon contains
about 30,000 Btu.

Neat Alcohol Fuels: Straight alcohol (not blended with
gasoline) that may be either in the form of ethanol or
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methanol. Ethanol, as a neat alcohol fuel, does not need to
be at 200 proof; therefore, it is often used at 180 to 190
proof (90 to 95 percent). Most methanol fuels are not
strictly “neat,” since 5 to 10 percent gasoline is usually
blended in to improve its operational efficiency.

Nitrogen Oxides (NO,): Air-polluting gases contained in
automobile emissions, which are regulated by the
Environmental Protection Agency. They comprise color-
less nitrous oxide (N,0) (otherwise known as dinitrogen
monoxide, or as the anaesthetic “laughing gas”), colorless
nitric oxide (NO), and the reddish-brown-colored nitrogen
dioxide (NO,). Nitric oxide is very unstable, and on
exposure to air it is readily converted to nitrogen dioxide,
which has an irritating odor and is very poisonous.
Nitrogen dioxide contributes to the brownish layer in the
atmospheric pollution over some metropolitan areas.
Other nitrogen oxides of less significance are nitrogen
tetroxide (N,O,) and nitrogen pentoxide (N,O;). Nitrogen
oxides are sometimes collectively referred to as “NO,”
where “x” represents any proportion of oxygen to
nitrogen.

Nonattainment Area: A region that exceeds minimum
acceptable National Ambient Air Quality Standards
(NAAQS) for one or more criteria pollutants, in high
population density areas, in accordance with the U.S.
Census Bureau population statistics. Such regions (areas)
are required to seek modifications to their State Imple-
mentation Plans, setting forth a reasonable timetable
using means (approved by the Environmental Protection
Agency) to achieve attainment of NAAQS by a certain
date. Under the Clean Air Act, if a nonattainment area
fails to attain NAAQS, the Environmental Protection
Agency may superimpose a Federal Implementation Plan
with stricter requirements or impose fines, construction
bans, or cutoffs in Federal grant revenues until the area
achieves applicable NAAQS.

Northeast Census Region: This U.S. Census Bureau
region includes the following States: Connecticut, Maine,
Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, and Vermont.

Original Equipment Manufacturers (OEM's): Vehicle
manufacturers that provide the original design and
materials for assembly and manufacture of their product.
They are directly responsible for manufacturing and
modifying vehicles, making the vehicles commercially
available, and providing a warranty for the finished
product.

Oxygenated Fuel: Any fuel substance containing oxygen
(includes oxygen-bearing compounds such as ethanol and

methanol). Oxygeénated fuel tends to give a more complete
combustion of its carbon into carbon dioxide (rather than
monoxide), thereby reducing air pollution from exhaust
emissions.

Oxygenated Gasoline: Gasoline with an oxygen content
of 1.8 percent or higher, by weight, that has been
formulated for use in motor vehicles.

Ozone (O,): An oxygen molecule with 3 oxygen atoms
that occurs as a blue, harmful, pungent-smelling gas at
room temperature. The stratospheric ozone layer, which
is a concentration of ozone molecules located at 6 to 30
miles above sea level, is in a state of dynamic equilibrium.
Ultraviolet radiation forms the ozone from oxygen, but
can also reduce the ozone back to oxygen. The process
absorbs most of the ultraviolet radiation from the sun,
shielding life from the harmful effects of radiation.
Tropospheric ozone is normally present at the ground
level in low concentrations. In cities where high levels of
air pollutants are present, the action of the sun's
ultraviolet light can, through a complex series of reactions,
produce a harmful concentration of ozone in the air. The
resulting air pollution is known as photochemical smog.
Certain air pollutants (e.g., chlorofluorocarbons) can drift
up into the atmosphere and damage the balance between
ozone production and destruction, resulting in a reduced
concentration of ozone in the layer.

Ozone Precursor: A chemical compound (such as nitrogen
oxides, methane, nonmethane hydrocarbons and hydroxyl
radicals) that, in the presence of solar radiation, reacts,
with other chemical compounds to form ozone.

Petroleum: A generic term applied to oil and oil products
in all forms (such as crude oil, lease condensate,
unfinished oil, refined petroleum products, natural gas
plant liquids, and finished petroleum products).

Propane (C;Hy: A normally gaseous straight-chain
hydrocarbon, it is a colorless paraffinic gas that boils ata
temperature of -43.67 degrees Fahrenheit. It is extracted
from natural gas or refinery gas streams.

Reformulated Gasoline (RFG): Gasoline whose compo- -
sition has been changed (from that of gasolines sold in
1990) to 1) include oxygenates, 2) reduce the content of
olefins and aromatics and volatile components, and 3)
reduce the content of heavy hydrocarbons to meet
performance specifications for ozone-forming tendency
and for release of toxic substances (benzene, formalde-
hyde, acetaldehyde, 1,3-butadiene, and polycyclic organic
matter) into the air from both evaporation and tailpipe
emissions.
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Replacement Fuel: The portion of any motor fuel that is
methanol, ethanol, or other alcohols, natural gas, liquefied
petroleum gases, hydrogen, coal derived liquid fuels,
electricity (including electricity from solar energy), ethers,
or any other fuel the Secretary of Energy determines,
by rule, is substantially not petroleum and would yield
substantial energy security benefits and substantial
environmental benefits.

South Census Region: This U.S. Census Bureau region
. consists of the following States: Alabama, Arkansas,
Delaware, District of Columbia, Florida, Georgia,
Kentucky, Louisiana, Maryland, Mississippi, North
Carolina, Oklahoma, South Carolina, Tennessee, Texas,
Virginia, and West Virginia.

Tax Incentives: In general, a means of employing the tax
code to stimulate investment in or development of a
socially desirable economic objective without the direct
expenditure from the budget of a given unit of govern-
ment. Such incentives can take the form of tax exemptions
or credits.

Tertiary Amyl Methyl Ether (TAME) (CH,),(CH)-
COCH;: An oxygenate. blend stock formed by the
catalytic etherification of isoamylene with methanol.

West Census Region: This U.S. Census Bureau region
consists of the following States: Alaska, Arizona, Cali-
fornia, Colorado, Hawaii, Idaho, Montana, Nevada, New
Mexico, Oregon, Utah, Washington, and Wyoming.
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